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THERMOSTABLE ENZYME COWIPOSITJONS 
Field of the Invention 

5 The present invention relates to compositions comprising at least two ihermostabie 

enzymes selected from the group consisting of: Endoglucanase, xylanase, phytase, 
protease, gaiactanase, mannanase, dextranase, and aipha-gaiactostdase; as well as the 
preparation and use thereof, in particular tn retation to animal feed. 

10 Background of the Invention 

A thermostable xylanase derived from TttBrmomyces lanuglnosus (SEQ ID NO: 14) is 
disclosed in WO 96/23062. Ttie amino add sequence of an endo~beta-1 ,4~giucanas8 
derived from Thermoascus mrantiacus tFO 9748 was submitted to NCBI Entrez Protein 
Database (accession no. GenPept AAL 16412.1} on 10-SEP-2001. Examples of 
15 thermostable piiytases are the various consensus phytases listed in WO 99/48380 at p. 30. 
below the bold line. 

Summary of the Invention 

The present Invention relates to compositions comprising at feast two thermostable 
20 enzymes selected from the group consisting of: Endoglucanase, xylanase, phytase, 
protease, gaiactanase, mannanase, dextranase, and aipha-galactosidase. The invention 
also relates to methods of preparing such compositions, their use in animal feed, their use 
for treatment of vegetable proteins, as weil as animal feed compositions with content thereof. 

25 Detailed Description of the invention 

Whife enzymes in solid form may to a certain extent be protected from being 
damaged by heat by way of protecfive coatings and the like, there Is a need, in particular for 
animal feed purposes, for liquid enzymes of an inherently high themiostabiiity {per se 
thermostable enz^nes). 

30 Many animal feed enzyme preparations are mulilcomponent enzyme preparations 

obtained by submerged fermentation of various microorganisms. However, a number of 
monocomponent feed enzymes prepared by recombinant DNA technology are also 
available. Monocomponent feed enzymes may have certain advantages as compared to the 
^dltionaJ multicomponent enzyme preparations, 

36 The present invention provides improved enzyme compositions, in particular of 

relevance within the field of animal feed. 

in the present context, the expressions "enzyme" and "polypeptide having enzjffne 
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activity" are used interchangeably. 
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Thermostable Enzymes 

For the present purposes, the term thermostable means that the polypeptide has a 
melting temperature, Tm, using Differenttai Scanning Calorimetry (DSC) of at least 7Q'C, as 
deterniined at a pH in the interval of 5,0 to 7.0, In particular embodiments, the Tm is at least 
71. 72, 73, 74, 76, 76, 77, 77,5, 78, 79, SO, 81, 82, 83, 84, 85, 86, 67, 88, 89. 90, 91, 92, 93, 
94, 95, 96, 97, 98, 99 or at least lOCC. In alternative embodiments, the Tm is at least 64, 
65,66, 67,68, or at least 69"C. 

For the determination of Tm, an enzyme sample with a purity of at least 90% (or 91, 
92, 93, 94, 95. 86, 97, or 98%) as determined by SDS-PAGE may be used. Still further, the 
enzyme sample may have a concentration of between 0.5 and 2.5 mg/m! protein (or bet\,ve©n 
0.6 and 2.4, or between 0.7 and 2.2, or between 0.8 and 2.0 mg/mi protein), as determined 
from absorbance at 280 nm and based on an extinction coefficient calculated from the amino 
acid sequence of the enzyme in question. 

The DSC may taite place at any pH value in the interval of pH 5.0-7.0, for instance at 
pH7,0 (e.g. in a buffer of 10 my phosphate, 50 mU NaC!), or at pH 6.5, 8.0, 5,5 or 5.0; and 
with a constant heating rate. e.g. of 1, 1,6, 2, 3, 4, 5. 6, 7, 8, 9 or 10'C/min. Examples of 
preferred heating rates are 1.0, 15 or a.OX/min when using an equipment as described in 
Example 8 herein. For other types of equipment with smaller sample voiumes Tm can be 
estimated using a heating rate of, e.g., 3, 4, 5, 6, 7, 8, 9 or 10°C /min, or a heating rate of 
20, 30, 40, 50 or even up to 60X /min. 

Enzyme Compositions 

The composition of the invention comprises at least two enzymes selected from 
thermostable endogiucanases, xylanases, phytases, proteases, galactanases, mannanases, 
dextranases, and alpha-galactosidases. 

In particular embodiments, the composition comprises themiostable enzymes 
belonging to two, three, four, five, six, seven or ai! eight of these classes of enzymes. More 
than one enzyme of each class may be included, e.g. one, two, three, four, etc. 

Particuiar compositions of the invention comprise at least two thermostable enzymes 
selected from the group consisting of endogiucanase, xylanase, phytase and galactanase. 
Examples of such compositions are: Endogiucanase and xylanase; endogiucanase and 
phytase; endogiucanase and galactanase; xyianase and phytase; xi^anase and galactanase; 
phytase and galactanase; endogiucanase, xylanase and phytase; endogiucanase, xylanase 
and galactanase; endogiucanase, phytase and galactanase; xylanase, phytase and 
galactanase; endogiucanase, xylanase, phytase and galactanase. In a preferred 
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embodiment, these compositions are combined with at least one protease, mannanase, 

dextranase and/or alpha-galactosidase. 

Further particular compositions of the invention comprise at least two thermostabie 

enzymes selected from the group consisting of endogiucanase, xyianase, phytase, protease 
5 and gatactanase. 

Additiorjal particular compositions of the invention comprise at least two thermostable 

enzymes selected from the group consisting of endogiucanase, xyianase and phytase. 

Examples of such compositions are: Endogiucanase and xyianase; endogiucanase and 

phytase; xyianase and phytase; endogiucanase, xyianase and phytase. in a preferred 
10 embodiment, tiese compositions are combined with at feast one gaiactanase, protease, 

mannanase, dextranase and/or a!pha~ga!aclosidase. 

Stit! further particular compositions of the invention comprise the foSiowing 

thermostabte enzymes: Endogiucanase and xyianase; endogiucanase and protease; 

endogiucanase, xyianase and phytase; endogiucanase, xyianase and protease; 
15 endogiucanase, xyianase, phytase and protease; xyianase and phytase; xyianase and 

protease; phytase and protease; phytase, protease and galactanase; xyianase, phytase and 

protease; xyianase, protease and galactanase; phytase and galactanase; galactanase and 

protease; phytase, galactanase and aipha-galactostdase; phytase and alpha-gaiactosidase; 

protease and alpha-gaiactosidase; galactanase and alpha-galactosidase; galactanase, 
20 protease and alpha-gaiactosidase. 

Of these compositions, the following are partfcuiarly useful feed additives for (a) 

maize and soy bean based diets: phytase and protease; phytase, protease and galactanase; 

(b) wheat and soy bean based diets; xyianase and protease; galactanase, protease and 

xyianase; (c) wheat-bariey and soy bean based diets; xyianase, beiagiuoanase and 
25 protease; xyianase, betaglucanase and phytase; for bariey and soy bean based diets: beta- 

giucanase and protease. 

EC Classes of Enzymes - Bernard Henrissat Glycoside Hydrolase Families 
Enzymes can be classified on the basis of the handbook Enzyme Nomencfature from 

30 NC-IUBMB, 1992), see also the ENZYME site at the Internet: http:/M'ww.expasv.cb/ensv me/. 
ENZYME Is a repository of Information relative to the nomenclature of enzymes, it is 
primarily based on the recommendations of the Nomenclature Committee of the Internationa! 
Union of Biochemistry and Molecular Biology (iUB-MB) and it describes each type of 
characterized enzyme for which an EC {Enzyme Commission) number has been provided 

35 {Bairoch A. The ENZYME database, 2000, Nucleic Acids Res 28:304-305). This IU8-MB 
Enzyme nomenclature is based on their substrate specificity and occasionally on their 
molecular mechanism; such a classification doss not reflect the structural features of these 
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enzymes. 

Another classification of certain glycoside hydrolase en:^es. such as 
endoglucanase, xylanase, galactanase. mannanase, dextranase and alpha-gaiactosidase, in 
famHies based on amino acid sequence simiiarities has been proposed a few years ago. 

5 They currently fall into 90 different families: See the CAZy({V!odO) internet site (Coutinho, 
P.M. & Henrissat, B. (1999) Carbohydrate-Active Enzymes server at URL: 
httD://afmb.onrs-mrs.fr/"'cazv/CAZY/index.htmi (corresponding papers: Coutinho, PM. & 
Henrissat, B. (1999) Carbohydrate-active enzymes; an integrated database approach. In 
"Recent Advances in Carbohydrate Bioengineering", H.J. Gilbert, G. Davies, B. Henrissat 

10 and B. Svensson eds., The Royal Society of Chemistry, Cambridge, pp. 3-12; Coutinho, 
PM. & Henrissat, B. (1999) The modular structure of celiulases and other carbohydrate- 
active enzymes: an integrated database approach. In "Genetics, Biochemistry and Ecology 
of Cellulose Degradation",, K, Ohmiya, K. Hayashi, K. Saki<a, Y. Kofc^yashl, S. Karita and T. 
Kimura eds,, Uni Publishers Co., Tokyo, pp. 15-23). 

15 

Polypeptides Having Xylanase Activity 

For the present purposes a xylanase is an enzyme classified as EC 3,2.1.8 (see the 

EMZYME site referred to above). The official name is endo-1 ,4-beta-xylanase. The 

systematic name is 1 ,4-beta-D-xyfan xylanohydrolase. Other names may be used, such as 
20 endo-(1-4)-beta-xy!anase; (1-4)-beta-xy[an 4-xyianohydrolas6; endo-1 ,4-xyianas8: xylanase; 

beta-1 ,4-xy!anase; endo-1, 4-xylanase; endo~beta-1,4-xyl3nase; 6ndo-14-beta-D-xyianase; 

1 ,4-beta-xylan xylanohydroiase; beta-xylanase; beta-1 ,4-xyian xylanohydrolase; endo-1 ,4- 

beta-xylanase; beta-D-xyianase. The reaction catalysed is the endohydrolysis of 1,4-beta-D- 

xylosidic lin!<agea in xyians. 
2§ According to the CAZy(IWodO) site referred to above, xylanases are presently 

classified in either of the following Glycoside Hydroiyase Families: 10, 11 , 43, 5 or 8. 
Family 1 1 glycoside hydrolases can be characterized as follows; 

CAZy Family: Glycoside Hydrolase Family 1 1 

Known Activities: Xylanase (EC 3.2. 1 .8) 

30 yechanism: Retaining 

Catalytic Nucieophile/Base: Glu (experimental) 

Catalytic Proton Donor: Giu (experimental) 

3D Structure Status: Available (see PDS), 

Fold: Beta-jelly roii 

3S Clan: GH-C 

In particular embodiments, the thermostable xylanase of the composition of the 

invention is i) a xylanase of Glycoside Hydroiyase Family 10, 11 , 43, 5 or 8; ii) a xylanase of 
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i) with the exception of Themoasous aumntiacus ){yianase, iti) a xyJanase of i) with the 
exception erf the xyianase designated xynajiieau and described in J. Mof, Biol. (1999) 288, 
889-1012 by Natesh et al; iv) a xylanase of Glycoside Hydrolase Family 11, 43, 4 or 8; or v) 
a xylanase of Glycoside Hydrolase Family 11. The expression "of Glycoside Hydroiase 
5 Family NN" means that the xylanase in question is or can be classified in family "HN" (e.g. 
10, 11,43. 5 or 8). 

In another particuiar embodiment, the thermostable xyianase is derived from a 
bacterial xylanase, e.g. a Bacillus xylanase, for example from a strain of Sacfe haloduram, 

Baallus pmvius. Bacillus agaradliaereiis. Bacillus clrculans, BaoHlus polymyxa. Bacillus sp., 
10 Bacillus stearothermoplvlus, or Bacillus subtilis, inciuding each of the Bacillus xyianase 
sequences entered at the CAZy{yodO) site fBferred to above, 

in a further particular embodiment the family 11 glycoside hydroiase is a fungal 
xylanase. Fungal xylanases include yeast and ftiamentous fungai polypeptides as defined 
above, with the proviso that these poiypeptides have xylanase activity, 
IB Examples of fungal xylanases of family 11 giycoside hydrolase are those which can 

be derived from the following fungal genera; Asperglltus, Aureobasidium, Emericetia, 
Fusaiium, Gaeumannomyces, Humicoia, Lentinula, Magnaporttie, Neocalliinastlx, 
Nocardiopsis, Orplnomyces, P&ecilomyces, Penicillium, Pichia, Schizophyllum, Talaromyces, 
ThBrmomyces, Trichodefma. 
20 Examples of species of these genera are listed below in the general polypeptide 

section. 

The sequences of xyianase polypeptides deriving from a number of these organisms 
have been submitted to the databases GenBani< / GenPept and SwissProt with accession 
numbers which are apparent from the CAZy(yodO) site. 
Z6 A preferred fungal xylanase of family 11 glycoside hydrolases Is a xylanase derived 

from 

(i) Aspergillus, such as SwissProt P48824, SwissProt P335S7, SwissProt 
P55329, SwissProt P55330, SwissProt Q12557, SwissProt Q12550, SwissProt Q12549, 
SwissProt P55328, SwissProt Q12534, SwissProt P87037, SwissProt P56331, SwissProt 
30 Q12568, GenPept 8AB20794,1, GenPept CAB69366.1; 

(li) Trichoderma, such as SwissProt P48793, SwissProt P36218, SwissProt 
P36217, GenPept AAG011 67.1, GenPept CAB60757.1; 

(iii) Tfiermomyces or Humicoia, such as SwissProt Q43097; or 

(iv) a xylanase having an amino acid sequence of at least 75% identity to a 
35 (mature) amino acid sequence of any of the xyianases of (iH«0; or 

(V) a xylanase encoded by a nucleic acid sequence which hybridizes under tow 
stringency conditions vwth a mature xylanase encoding part of a gene con-esponding to any 
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Of the xylanases of (!)-{«'); 

(vi) a variant of any of the xylanases of 0)-<i) comprising a substitution, deietion, 
and/or insertion of one or mom amino acids; 

(vi!) an alielic variant of (tHiv); 

5 (vii!) a fragment of (i), (H), {iii}, (iv) or (vi) that has xytanase activity; or 

(ix) a synthetic polypeptide designed on the basis of (!)-(!!!) and having xyianase 

activity. 

Definitions, specific conditions, parameters, as well as particular embodiments of 
these preferred fungal xylanases forming part of the composition of the invention are 
10 apparent from the genera! polypeptide section hereof (just replace "polypeptide" vi^ith 
"xyianase"). This is for example the case for the calculation of percentage identity, and for 
the selection of hybridization conditions. 

A preferred xyianase is the Thermomycos xyianase of SwissProt Q43097 (of vi/hieh 
the mature peptide corresponds to amino acids 31-225 of SEQ ID NO: 14), or analogues 
■15 thereof as defined in {!v)-(ix) above. This xytanase is also described in WO96/23062, and it 
has a Tm at pH 7.0 of 75.0°C (see Example 6). 

Various Aspergiilus xylanases are also described in EP 695349, BP 600865, EP 
628080, and EP 532533. EP 579672 describes a Humlcola xyianase. 

Xyianase activity can be measured using any assay, in which a substrate is 
20 employed, that includes 1 ,4-beta-D-xy!osidic endo-!snkages in xyians. Assay-pH and assay- 
temperature are to be adapted to the xyianase in question. Examples of assay-p!-l-vaiues 
are pH 4, 5, 6, 7, 8, 9, 10, or 11. Examples of assay-temperatures are 30, 35, 37, 40, 45, 50, 
55. 60, 65, 70 or 80X. 

Different types of substrates are available for the determination of xyianase activity 
25 e g- Xytazyme cross-linked arabinoxylan tablets (from iVIegaZyme), or insoluble powder 
dispersions and solutions of azo-dyed arabinoxylan. 

For assaying xyianase in feed, premix and the like samples, the enzyme is extracted 
at temperatures ranging from 50°C up to 70'C (with the higher temperatures used for the 
more thermostable enzymes) in an extraction media typically consisting of a phosphate 
30 buffer (0.1 M and a pH adjusted to the pH optima of the enzyme in question) for a time 
period of 30 to 60 min. A preferred xyianase assay is disclosed in Example 7, 

AH measurements are based on spectrophotometric determination principles at 
approx. 590-600 nm. The enzyme, or the extracted enzyme, as applicabie, is incubated with 
a known amount of substrate and the colour release is measured relative to a standard 
35 cun/e obtained by adding known amounts of an enzyme standand to a similar control diet 
witiiout enzyme. When no control feed is available, a known amount of enzyme is added to 
the sample (spiking) and from the differences in response between spiked and non-spiked 
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Polypeptides Having Endoglucanase Activity 
For the present puiposes, the term endoglucanas© designates any enzyme which is 
5 classified or can be classified as EC 3.2.1.4, EC 3.2.1.6. EC 3,2.1.73, or EC 3.2.1.39 (see 
below under endo-1,3C4)-betaglucanase). 

According to the ENZYME site referred to above, endogiucanases are classified as 
EC 3.2.1,4, The official name is celiulase. Other nances may be used, such as 
endoglucanase, endo-1 ,4-beta-gfucanase. and carboxymethyl celiulase. The reaction 
10 catalysed is endohydroiysis of 1,4-beta-D~g!ucosidic linkages in celtuiose. Also 1,4-iinkages 
in beta-D-giucans also containing 1,3-linkages will be hydrolysed by such enzyme. 

According to the CAZy(ModO) site referred to above, endogiucanases are presently 
classified In either of the following Glycoside Hydroiyase Families: 10, 12, 26, 44, 45, S, 61, 
6, 61, 7. 74, 89, or not yet assigned to a family. 
IS {n particular embodiments, the thermostable endogiucanase of the composition of the 

invention Is t) an enzyme classified as EC 3.2.1,4 or EC 3.2.1.6; ii) an enzyme classified as 
EC 3.2.1.4; iii) an endoglucanase of Glycoside Hydroiyase Family 10, 12, 26, 44, 45, 5, 51, 
6, 61, 7, 74, or 89; or iv) an endoglucanase of Glycoside Hydrolase Family 5. The expression 
"of Glycoside Hydrolase Family NN" means that the xyianase in question is or can be 
20 classified in family "HH" (e.g. 10, 12, 26, 44, 45, 6, 51 , 5, 61 , 7, 74, or 89). 
Family 5 glycoside hydrolases can be characterized as follovsre: 
CAZy Family: Glycoside Hydrolase Family 5 

Known Activities: endoglucanase (EC 3.2.1.4); beta-mannanase (EC 3.2.1.78); 

8X0-1 ,3-gIucanass {EC 3.2.1.58); endo-1,6-glucanase (EC 
26 3.2.1.75); xyianase (EC 3.2.1.8); endoglycoceramidase (EC 

3.2.1.123) 

l^echanism: Retaining 
Catalytic Nucieophile/Base: Giu (experimental) 
Catalytic Proton Donor Glu (experimental) 
30 3D Structure Status: Available (see PDB), 

Fold: {beta/aipha)B 
Clan: GH-A 

Examples of family 5 glycoside hydrolases having endoglucanase activity are 
apparent from the CAZy()WodO) site. Included is, for example, an endoglucanase derived 
35 from Thetmoasous aumnmcus !F0 9748 (GenPept AAL 1641 2.1), 

Definitions, specific conditions, parameters, as well as particular embodiments of the 
endogiucanases forming part of the composition of the invention are apparent from the 
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genera! poiypeptide section hereof {just replace "polypeptide" with "endoglucanase"). This is 
for example the case for the catcuiation of percentage identity, and for the selection of 
hybridization conditions. 

In a particular embodiment, the poiypeptide is a polypeptide derived from a 

6 fiiamentous fungus of the phylum Ascomycota, preferabSy of the class EumthmycetidaB,, 
more preferably of the order Burotiales, even more preferably of the family TricdiocommeaB. 

In another embodiment, the polypeptide is derived from a fungus of the genus 
Thermoascus, for example the species nermoascus auranSacus, such as the strain 
Themwascus aarantiacus CGMCC No. 0670, e.g., a poiypeptide with the amino acid 

10 sequence of amino acids 1-335, or 31-335 of SEQ ID NO:2. This endogiucanase (aiso 
having endo-1 .3{4)-beta-gtucanase activity) is themiostabJe as disclosed in the experimental 
part hereof (Tm of 77.5*'C), 

Endogiucanase activity can foe determined using any endogiucanase assay known in 
the art. For example, various ceiiuiose- or beta-glucan-containing substrates can be applied, 

15 under conditions adapted to the enzyme under evaluation {a pH cios© to the optimum pH 
and a temperature close to the optimum temperature). A preferred assay pH is in the range 
of 2-10, preferably 3-9, more preferably pH 3 or 4 or 5 or 6 or 7 or 8, for example pH 3 or pH 
7. A preferred assay temperature is in the range of 20-80°C, preferably 30-80*0, more 
preferably 40-75X, even more preferably 40-60'"C, preferably 40 or 45 or 50°C. The enzyme 

20 activity is defined by reference to appropriate blinds, e.g. a buffer blind. These assay 
conditions are generally applicable for any of the enzymes described herein. 

An example of a preferred endogiucanase assay using AZCL-8ar!ey beta-Gtucan 
(AZO-Barley beta-Glucan) as a substrate is described in Examples 3 and 7, respectively. 
The assay may be modified to use AZCL-HE-Cellulose as a substrate. In both cases, the 

25 degradation of the substrate is followed spectrophotometricaliy at about ODm (see ttie 
Megazyme method for AZCL-poiysaccharides for the assay of endo-hydrolases 
( http://mvw. meqazvme. com^oklets/AZCLPOL.pdf) . For the purposes of the present 
invention, endogiucanase activity may also be determined according to the procedure 
described in Example 1, where the enzyme catalyzes the degradation of an Aso-CM- 

30 cellulose substrate using a temperature and a pH at which the actual enzyme is active. 

Polypeptides Having Endo-1,3{4)-beta-gJucanasc Activity 

According to the ENZYME site referred to above, endo-1 ,3(4)-beta-g!ucanases are 
usually classified as EC 3,2.16. The officiai name Is endo-1 ,3(4)-beta-g1ucanase. Other 
35 names may be used, such as endo~1,4-beta-glucanas6, endo-1, 3-beta-glucanase, or 
laminarinase. The reaction catalysed is endohydrolysis of 1,3- or 1,4-linkages in beta-D- 
glucans the glucose mstdue whose reducing group is involved in the linkage to be 
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hydrolyseci is itsetf substituted at C-3. Substrates for this type of enzyme include laminarin, 
lichenin and cereal D-giucans. 

For the purposes of the present invention, also the foliowing two enzyme classes are 
indudad In the term ''endo-1,3{4)-beta-gfucanas6:'' 
6 Class EC 3.2.1.73, the officiaf name of which Is licheninase. Other names are 

iichenase, beta-glucanase, endo-b6ta-1,3-1,4 glucanase, 1,3-1,4-beta-D-g!ucan 4- 
giucanohydrolass, or mixed iinkage beta-gfucanase. The reaction catalysed is hydrolysis of 
1,4-beta-D-gIycosidic SInkages in beta-D-glucans containing 1,3- and 1,4-bonds. This 
enzyme class acts on lichenin and cereal beta-D-glucans, but not on beta-D- glucans 
10 containing only 1 ,3- or 1 .4-bonds. 

Ciass EG 3.2.1.39, the official name of which is giucan endo-l ,3-foeta-D-g!ucosidase. 
Other names are {1-3)-beta-giucan endohydrolase, endo-1,3-beta-glucanase, or 
laminarinase. The reaction catalysed is hydrolysis of 1,3-beta-D-glucosfdjc linkages in 1,3- 
beta-D-g!ucans. It has a very iimited action on mixed-link (1 ,3-1 ,4)-beta-D-g!ucans, but 
16 hydrolyses laminarin, paramylon and pachyman. 

According to the CAZy(ModO) site referred to above, endo~1,3(4)-beta-g!ucanases 
are presentiy classified in Glycoside Hydrolase Family 16 . 

Family 16 glycoside hydrolases can be characterized as follows: 
CAZy Family: Glycoside Hydrolase Family 16 

20 Known Activities: Iichenase (EC 3.2.1.73); xyiogiucan xylogtucQsyttransferase 

{EC 2.4.1.207); agarase (EC 3.2.1.81); kappa-carrageenase 
(EC 3.2.183); endo-beta-1 ,3-giucanase (EC 3,2.139); endo- 
beta-13-1,4-glucanase (EC 3.2.1,6); endo-beta-gaiactosidase 
(EC 3.2.1.103) 
25 Medianism: Retaining 

Catalytic Nucieophile/Base; G!u (experimental) 
Catalytic Proton Donor: Glu (experimental) 
3D Structure Status: Available (see PD8). 

Fold: Beta-jelly roll 

30 Clan: <3H-B 

Examples of endo-1,3(4)-beta-glucanases are apparent from the aAZy(ModO) site. 
Endo-1,3(4)-faeta-glucanases may be derived as described in the genera! polypeptide 
section hereof Oust replace "polypeptide" with "endoglucanase"). 

Endo-1,3{4)~beta-g{ucanase activity can be detemilned using any endo-1 ,3(4)-beta- 
35 glucanase assay known In the art. For example, any of the substrates mentioned above can 
be applied, under conditions adapted to the enzyme under evaluation {e.g. a pH close to the 
optimum pH and a temperature dose to frte optimum temperature of the enzyme in 
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question). 

A preferred substrate for endo-1,3(4)~b8ta-glucanase activity measurements is a 
cross-Sinked azo-ootoured beta-glucan Barley substrate. All measurements are based on 
spectrophotometric determination principles. For samples of enzyme in feed or premix, the 

5 enzyme is extracted at a temperature of 6Q°C in a 1/30 M Sorensen buffer (0,24 g 
Dinatriumhydrogenphosphate-Dihydrat (Merck 6580) and 22,47 g Kaitumdihydrogen- 
phosphate (Merck 4873). in. 4500 mi detonised water, pH is adjusted to 5.00 with HCI and 
diluted to 50000 mi final volume) followng a general procedure similar to that for xyJanase 
determination except that a controi feed always must be used to eliminate the endogenous 

10 endo-1 ,3(4)-beta-giucanase background from barley. 

Both metiiods can aiso be applied to premixes if the premix to be analysed is mixed 
with a suitable controi feed (as described in connection with the assays of Example 1). 

For the purposes of the present invention, the endo-1, 3{4)-beta-glucanase actiNflty is 
preferably determined according to the procedure described in Example 1 . 

15 For the purposes of t!ie present invention, the polypeptide having endo-1,3(4)-b6ta- 

giuoanase activity may be the same as, or different from, the polypeptide having 
endoglucanase activity. 



Polypeptides Having Protease Activity 
20 The term protease as used herein is an enzyme that hydroiyses peptide bonds (has 

protease activity). Proteases are also called e.g. peptidases, proteinases, peptide 
hydrolases, or proteolytic enzymes. 

Preferred proteases for use according to the Invention are of the endo-type that act 
internally in polypeptide chains (endopeptidases), Endopepttdases show activity on N- and 
25 C-terminaJly blocked pepMe substrates that are relevant for the specificity of the protease in 
question. 

Included in the above definition of protease are any enzymes belonging to the EC 3.4 
enzyme group (including each of the thirteen sub-subclasses thereof). 

Proteases are classified on the basis of their catalytic mechanism into the following 

30 groupings, each of which Is a particular embodiment of a protease comprised in a 
composition of the invention: Serine proteases (S), cysteine proteases (C), aspartic 
proteases (A), metailoproteases (M), and unknown, or as yet unclassified, proteases (U), 
see Handbook of Proteolytic Enzymes, A.a.8aneit, N.D.Rawlings, J.F.Woessner (eds), 
Academic Press (1998), in particular the general Introduction part. 

35 Protease activity can be measured using any assay, In which a substrate is 

empioyed, that includes peptide bonds relevant for the specificity of the protease in question, 
Assay-pH and assay temperature are to be adapted to the protease In question. Examples 
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of assay-pH-va!ues are pH 3, 4, 5, 6, 7, 8, 9, 10, or 1 1. Examples of assay temperatures are 
25, 30, 35, 37, 40, 45, 50, 55, 60, 65, or70°C. 

Examples of protease substrates are casein, and pNA-substrates, such as Suc- 
AAPF-pNA (available e.g. from Sigma S-7388). The capital letters in this pNA-substrate 
5 refers to the or^e-letter amino acid code. Another exampfe is Protazyme AK (azurine dyed 
crosslinked casein prepared as tablets by Megazyme T-PRAK), 

Example 2 of WO 01/58276 describes suitable protease assays. A preferred assay is 
the Protazyme assay of Example 2D {the pH and temperature should be adjusted to the 
protease in question as generaiiy described previously). For assaying protease in feed or 
10 premix, the extraction methods as described herein, e.g. In Example 1 for endoglucanase 
and xylanase assays, can be used. 

In particuSar embodiments, the protease is a serine protease, a subtllisin protease as 
defined in WO 01/58275, or a metalloprotease. 

Examples of preferred proteases are those described in: 
15 WO 95/02044 {Aspergillus aculeatus protease ! or protease It); 

JP 407 5586 {Aspergillus nigerBQid proteinase (protease A)); 

Berka et a!, Gene 86:153-162, 1993 {AspetyiHus otyzae aspergillopepsin O); 

EP 704167 at p. 8. line 61 to p. 9, line 9, 

WO 01/58276 at p. 4. line 25 to p. 5, tine 18; 
20 WO 01 /58275 at p. 5, isne 1 7 to p, 6, line 5; 

the section entitled "Summary of the Invention" of pending patent appiication 
PCT/DK02/00824 (ciaiming the priority of DK PA 2001 01821 fiied 07.12.01 in the name of 
Novozymes A/S); or 

an analogue, a fragment, a variant, a mutant of any of the above, as described in the 
25 general poiypeptlde part hereof, 

Prefen-ed thermostable protease variants have a degree of identity to any one of the 
proteases listed in WO 01/68276 at p. 4, line 25 to p. 5, line 18; or WO 01/68275 at p. 5, Isne 
17 to p. 6, line 5 of at least 75%. 

Definitions, specific conditions, parameters, as weil as particular embodiments of 
30 these preferred proteases forming part of the composition of the invention are apparent from 
the general polypeptide section hereof {just replace "polypeptide" with "protease"). This is for 
example the case for the calculation of percentage Identity, and for the selection of 
hybridization conditions. 



35 Polypepildes Having Phytas© Activity 

In the present context a phytase is an enzyme which catalyzes ttie hydrolysis of 
phytate {myo-inositol hexaktsphosphate) to (1) myo-inositol and/or (2) mono-, di-, tri-, tetra- 



and/or penta-phosphates thereof and (3) inorganic phosphate. 

According to the ENZYf^E site referred to above, two different types of phytases are 
known: A so-calted 3-phytase (myo-tnositol hexaphosphate 3-phosphohydro!ase, EC 3.1.3,8) 
and a so-called 6-phytase (myo-inosttol liexaphosphate S-phosphohydroiase, EC 3,1.3.26). 
For the purposes of the present invention, both types are included ir? the definition of 
phytase. 

For the purposes of the present invention phytase activity may be, preferably is, 
determined in the unit of FYT, one FYT being the amount of enzyme that liberates 1 micro- 
mol inorganic ortho-phosphate per min, under the foitowing conditions; pH 5.5; temperature 
37"C; substrate: sodium phytate (C6H60?4P6Naij) in a concentration of 0,0050 mol/l. Suitable 
phytase assays are described in Example 1 of WO 00/20569. FTU is for determining 
phytase activity in feed and premix. In the aiternative, the same extraction principles as 
described in Example 1, e.g. for endogiucanase and xylanase measurements, can be used 
for determining phytase activity in faed and premix. 

Examples of thermostable phytases are disclosed in WO 99/48022 (Phytase 
variants}, WO 99/48380 (Thermostable phytases, see in particular Example 3 thereof), WO 
00/43503 (Consensus phytases), EP 0897010 {Modified phytases), EP 0897985 {Consensus 
phytases). 

Thermostable phytases may also be obtained from, e.g., the following phytases: 

(i) Ascomycetes, such as those disclosed in EP 684313 or US 6139902; 
Aspergillus awamori PHYA (SWISSPROT P34753, Gene 133:55-62 (1993)); AspefyitSus 
niger {ficuum) PHYA {SWISSPROT P34752, Gene 127:87-94 (1993), EP 420358); 
Aspergillus awamori PHY8 (SWISSPROT P34755, Gene 133:55-62 (1993)); Aspergillm 
niger PHYB (SWISSPROT P34754. Blochem. Biophys. Res. Commun. 195:53-57(1993)); 
Emericella nidulans PHYB (SWISSPROT 000093, Biochim. Biophys. Acta 1353:217-223 
(1997)); 

(fi) Therinomyces or Humicola, such as th© Thermomyces ianuginosus phytase 
disclosed in WO 97/35017; 

(ii) Basidlomycetes, such as Peniophora (WO 98/28408 and WO 98/28409); 

(ill) Other fungal phytases such as those disclosed in JP 11000164 (PenicilHum 
phytase), or WO98/13480 (Monascus anka phytase); 

(iv) Bacillus, such as BaGillus subtiiis PHYC (SWISSPROT 031097, Appi. 
Environ. IVIicrobiot. 64:2079-2085 (1998)); Badllus sp. PHYT (SWISSPROT 
066037, FEMS Microbiol. Lett 162:185-191 {1998); Baciilas subtilis 
PHYTJSWISSPROT P42094, J. Bacteriol. 177:6283-6275 (1995)); the 
phytase disclosed in AU 724094, or WO 97/33976; 

(V) BscherichiB coli (US 61 10719); 
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(vi) Schwannbmyces occtdentalls {US 5830732); 

(vsi) a phytase having an amino acid sequence of at least 75% identity to a 
(mature) amino acid sequence of a phytase of (i)-(v!); or 

(viii) a phytase encoded by a nucleic acid sequence which hybridizes under low 
stringency conditfons with a mature phytase encoding part of a gene 
corresponding to a phytase of (iHvi)". 

(ix) a variant of the phytase of (!)~(v!) comprising a substitution, deletion, and/or 
insertion of one or mors amino acids; 

(vii) an allelic variant of (!)-(vi); 

(viii) a fragment of (i), (ii), (til), (tv) or (vi) that has phytase activity; or 

(X) a synthetic polypeptide designed on the basis of (i)*{vi) and having phytase 

activity. 

Peeferred thermostabie phytases for use according to the invention are the various 
themiostable variants of the Peniophora lycii phytase (mature peptide corresponding to 
amino adds 31-225 of SEQ ID NO: 15). These thennostable variants are disclosed in DK 
patent appiications no. 2002 00193 and 2002 01449, filed 08.02.2002, and 30.09.2002, 
respectively. The thermostabie variants have a degree of identity to amino acids 31-225 of 
SEQ iD NO; 16 of at ieast 75%. 

Definitions, specific conditions, parameters, as well as particular embodiments of 
these prefen-ed phytases forming part of the composition of the invention are apparent from 
the genera! polypeptide section hereof {just replace "polypeptide' with "phytase"). This is for 
example the case for the calculation of percentage identity, and for the selection of 
hybfidization conditfons. 

Polypeptides f-iaving Galactanase Activity 

The term gaiactanase as used herein is an enzyme that catalyzes the endohydrolysis 
of 1 ,4-beta-D-galactosidic linkages in arabinogalactans. The IUB!\/IB Enzyme Nomenclature 
is EC 3,2.1.89. The official name is arabinogaiactan endo-1,4-beta-galactosidase. 
Alternative Names are endo-i ,4-beta-galactanase, gaiactanase, and arabinogalactanase. 

in particular embodiments, the gaiactanase of the composition of the invention i) is or 
can be classified as EC 3.2.1.89; and/or ii) Is or can be classified as a Glycoside Hydrolase 
Family 53 gaiactanase. 

GH famiiy 53 is characterized as foHows: 

Known Activities-. Endo-1 ,4-beta-gaiactanase (EC 3.2.1 .89). 

Mechanism: Retaining 

Catalytic Nucieophile/Base: Glu (experimental) 

Catalytic Proton Donor: Giu {experimentel) 



-13- 



wo fl3/M2409 PCT/DK<>3/<X>939 

3D Structure Status AvaiiaWe (see PDB). Foid (beta /alpha)s 
Cian; GH^-A 

These am examples of galactanases: 



Protein 


Organism 


GenBank 


GenPept 


SwissProt 


Publication 


gaiacta- 
nase 1 


Aspergiilus acutestus 


L34599 


AAA32692.1 


P48842 


Christgau et 
al. Cm. Genet. 
27:135- 
141(1995) 


endo-1 ,4- 

beta- 

gaSacta- 


Aspergillus nlg&r 


AJ306303 


CAC83735.1 


Q8X168 




nase 
(GalA) 












9ai3ct3' 
nase GalA 


Asp&rgHlus 
tubingensis 


AJD12316 


CAB40555.1 


Q9Y7F8 




0RF1 


BacMusdmuians 


t03425 


AAA22269.1 


P48843 


SEQ ID NO:10 
of WO 
00/47711 


ORF 
8H2023 


Bacillus ijaiodumm 


AP001614 
NC„002570 


8AB05742.1 
NP_242889.1 


Q9KBA5 


Takami et al, 
Extremophiles 
3(1), 21-28 
(1999) 


ORF yvtO 


Bacillus subWis 


Z94043 
Z99121 


CAB08009.1 
CAB15417.1 


007013 
007013 
032260 


SEQ ID NO: 14 
Of WO 
00/47711 


YvfO 


Btfidobsctemm 
tongum 


AE014643 
NC„004307 


AAN24099.1 
NPJS95463.1 




Sd>e)l et a!, 
Proc. Nat!, 
Acad, Sci. 
U.S.A, 99 (22), 
14422-14427 
(2002) 


galacta- 


Celhnbfki japonicus 
(Pseudamoms 

ceMosa) 


X91885 


CAA62990.1 


P48841 


Braithvvaite et 
ai, 

Biochemistry 

36:15489- 

15500(1997) 


ORF 

CAC2570 


dostridium 
acetobutylicum 


AE007756 


AAK80519.1 


Q97G04 


Noiling et al, J, 
Bacterioi. 183 
(16), 4823- 
483812001) 


ORF 
"nV!1201 


Thermotoga mantima 


AE001777 
NC_,000853 


AAD36276.1 
NP„229006.1 


Q9X0S8 


Nelson et al, 
Nature 
399:323- 
329(1999) 


Sequence 

2 from 
patent US 
6242237 


MyceliophttKsm 
thermophila 


AAE73520 


AAK73520.1 




US 6242237 


Sequence 
4 from 
j^tent US 


Humicola insolens 


AAe73521 


AAE73S21.1 




US 6242237 
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6242237 












ORr GalA 


XsnthonionBs 
axoaopodis pv. ciiri 


AC.V i t / 

NC„003919 


^AM36180.1 
NP_64 1644.1 




da Silva et ai. 
Nature 417 
(6887), 459- 
463 (2002) 


ORF 

XAC0575 


XafithofDonss 
axonopodis pv. cilfi 


AE01 1684 
NC„003919 


AAM3S464.1 
MP_640928.1 




da Stiva et al. 
Nature 417 
{6887), 459- 
463 (2002) 


ORF GalA 


campestris pv. 
campesths 


AEd13224 
NC„003902 


AAM40555.1 
NP_636631.1 




da Siiva ©t a!, 
Nature 417 
(6887), 459- 
463 (2002) 


ORF GsiA 


Xstithoivonss 
campestris pv. 
campestris 


ACU i^**Oi5 

NC„003902 


AAM42894.1 
NP_638976.1 




da Silva et ai, 
Nature 41? 
(6887), 459" 
463 (2002) 


ORF 

YPO0853 


YBfsinl& p&stis 


NC„Q03143 


CAC89700,1 
NP_404474.1 


Q8ZHN7 


Parkhtii et a!, 
Nature 
413:523- 
527(2001) 


ORF 
Y3238 


Yersinia pesf/s 


AE013925 
NC_0040e8 


AAM85788.1 
NP„670537.1 




Deng et ai J. 
Bacteriof. 184 
(16). 4601- 
4611 (2002) 



Additional examples are the gaiactanases derived from Meiipilus giganieus (WO 
97/32013), Pseudomonas fluorescens, Bacillus agaradhaerens (WO 00/47711), and Bacillus 
Uoheniformis (WO 00/47711). 

s The gaiactanase may, e.g., be derived from any of the above-mentioned strains. 

Variants of gaiactanases of Glycoside hydrolase family 53 are disclosed in patent application 
DK 2002 01968 filed 20,12.2002. In particular embodiments, the variants are derived from 
Myceiiaphthora thermophila, Humicola insolens, Aspergillus aculeatus. or Bacillus 
lioheniformis. Preferred gaiactanase variants are derived from Myceliophthora Ihermoptvia 

10 (mature peptide corresponding to amino acids 1-332 of SEQ ID NO; 16). In a specific 
embodiment, tiie variants have a degree of identity to amino acids 1-332 of SEQ ID NO: 16 
of at least 75%, 

Definitions, specific conditions, parameters, as well as particular embodiments of 
these prefemed gaiactanases forming part of the composition of the Invention are apparent 
IS from the general polypeptide section hereof Qusi replace "polypeptide" with "gaiactanase"). 
This is for example the case for the calculation of percentage identity, and for the selection 
of hybridization conditions. 

Polypeptides Having Mannanase Activity 

20 The term mannanase as used herein means an enzyme catalyzing the random 

hydrolysis of 1,4-beta-D-mannosldic linkages in mannans, galactomannans, glucomannans, 
and galactoglucomannans. The official name is mannan ©ndo-1.4-b6ta-mannosidase. 
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Aftemative name(s) are beia-mannarjas©, and endo-1,4-mannianase. The EC number 
according to lUBfi^B Enzyme Nomenctature is EC 3.2.1.78. 

Sn particular embodiments, the mannanase for use in tine composition of the invention 
i) is classified or can be classified as EC 3.2,1.78; and/or li) is or can be ciassified as a 

6 Giycoslde Hydrotase of family 26, 44, or 5, 

The mannanase may, e.g.. be derived from strains of AspergiHus (e.g. Aspergillus 
aculeatus, see WO 94/25576 and US 5,795,764), from strains of Bacillus (WO 91/18974, 
WO 99/6573, WO 99/64619), strains of Trichoderma (WO 83/24622). strain CBS 480.95 
(WO 95/35362), or from the mannanase sequences disclosed at http:// afmb.c nrs-- 

10 mrsir/-"ca7V/CAZY/index.htm! as membes of Glycoside Hydrolase family 26, 44 or 5, such 
as, e.g., SWiSS-PROT P55296, MANA„PIRSP; P49424, MANA_PSEFL: P49425, 
yANA_RHOMR; P51529, MANA„STRLI; P16S99, MANB„BACSIV1; P56278, 
MANB„BACSU; P22533, MANB^CALSA; P55297, MANB„PiRSP; P65298, [VmNC„PiRSP. 
in particular embodiments, the thermostable rrsannanase variants are derived from 

15 any of the sequences referred to above. Preferred variants are derived from the Aspergillus 
acateatas mannanase (WO 94/25576 and US 5,795,764), from strains of Bacillus (WO 
91/18974. WO 99/6673, WO 99/64619), from strains of Trichoderma (WO 93/24622), or 
from strain CBS 480.95 (WO 95/35362). in a specific embodiment, the variants have a 
degree of identity to the parent mannanase from which it derives of at least 75%. 

20 Definitions, specific conditions, parameters, as weil as particular embodiments of 

these preferred mannanases forming part of the composition of the invention are apparent 
from the general polypeptide section hereof (just repface "poiypeptide" with "mannanase"). 
This is for example the case for the calculation of percentage tdefitity, and for the selection 
of hybridization conditions. 

25 

Polypeptides Having Dextranase Activity 
The term dextranase as used herein means an enzyme catalyzing the endohydrotysis 
of 1,6-alpha-D-glucosldic linkages in dextram. The official name is dextranase. An alternative 
Name is alpha»1,6-g!ucan-6-g!ucanohydrolase. The number according to the IUBM8 
30 Enzyme Nomenclature is 3.2.1 . 1 1 

In a particular embodiment the dextranase for use in the composition of the invention 
is i) is or can be classified as EC 3.2.1,11; and/or ii) is or can be classified as Glycoside 
Hydrolase family 49, or 66. 

The dextranase may, e.g., be derived from PaecHomyce$ IMcinus (US 6,1^,553) or 
35 from the dextranase sequences disclosed at htto://afmb.cnrs-mrs.fr/~ca 2tf/CAZY/lndex,html 
as membes of Glycoside Hydrolase family 49 or 66, such as, e.g., SWISS-PROT P70744. 
DEXTJ^RTGO; P3g652, DEXT^ARTSP; P48846, DEXT^PENMi; P39653, DEXT^STRDO; 
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Q54443, DEXT^STRMU: Q59979. DEXT^STRSL 

fn partjcular embodiments, the thermostabie dextranass valiants are derived from 
any of the sequences referred to above. Preferred variants are derived from the 
Paecilomyces lilacbus (US 6,156,553) dextranase. In a specific embodiment, the variants 
5 have a degree of identity to this dextranase of at least 75%. 

Definitions, specific conditions, parameters, as weii as particular embodiments of 
these preferred dextranases forming part of the composition of the invention are apparent 
from the genera! polypeptide section hereof (just replace "polypeptide" with "dextranase"). 
This is for exampie the case for the calculation of percentage identity, and for the selection 
10 of hybridization conditions. 



Polypeptides Having AJpha-galactosidase Activity 
Alpha-gatactossdases are enzymes that catalyze the foiiowing reaction: 
Melibiose+H(2)0<=>galactose+giucose. The official name is alpha-gafactosidase, An 

16 alternative name is mellbiase. It aiso hydrolyzes alpha-D-fucosides. The number according 
to the 1U8MB Enzyme Nomenclature Is 3.2.1.22. 

tn particular embodiments, the alpha-galactosidase of the composition of the 
invention i) is or can be ciassified as EC 3.2.1.22; and/'or ii) is or can be classified as 
Glycoside Hydrolase famiiy 27, 36, 4, or 57. 

20 The alpha-galactostdase may, e.g., be derived from a strain of Aspergillus {e.g. 

Asper^flfus niger, see e.g. US patent no. 6.197,455) or from the alpha-gatactostdase 
sequences disclosed at htt p://af mb. cnrs-mrs,fr/~cazv/CA2Yyindex. htm I as msmlses of 
Giycoslde Hydrolase family 27, 36, 4, or 57, such as, e.g., SWiSS-PROT P43467, 
AGA1„PEDPE; P43469, AGA2_P£DPE; P28351, AGAL_ASPNG; 034645, AGAL^ACSU; 

25 Q42656, AGAL^COFAR; P14749. AGAL_CYATE; P06720. AGAL_ECOLi; Q9X4Y0. 
AGAL^RHIME; P30877, AGAL_SALTY; P27756, AGAL„STRMU; Q9UUZ4, AGLC_ASPNG; 
P04S24, MEL1„yEAST; P41945, iy!EL2„YEAST; P41946, MELS^YEAST; P41947, 
WiEl6„YEAST; P16551 , RAFA.ECOLI. 

In particular embodiments, the thermostable alpha-galactostdase variants are derived 

30 from any of the sequences referred to above. Preferred variants are derived from the 
AspesyiHas niger {US 6,197,455) alpha-galactosidase. In a specific embodiment, the variants 
have a degree of identity to this alpha-galactosidase of at least 75%. 

Definitions, specific conditions, parameters, as well as particular embodiments of 
these preferred alpha-galactosidases forming part of the composition of the invention are 

m apparent from the genera! polypeptide section hereof (just replace "polypeptide" with "alpha- 
galactosidase"). This is for example the case for the calculation of percentage identHy, and 
for the selection of hybridization conditions. 
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Homoiogous Polypeptides 

The present invention refers to polypeptides having an amino acid sequence wtitch 
has a certain degree of identity to a specified amino acid sequence, and which have 
5 enzymatic activity, e.g. endogluoanase, xylanase phytase, protease, gaiaclanase, 
mannanase, dextranase, or alpha-gaiactosidase acttv% (hereinafter "homoiogous 
poiypeptides"). 

For purposes of the present invention the degree of identity between two amino acid 
sequences, as wei! as the degree of identity between fevo nucleotide sequences, is 

10 determined by the program "ailgn" which is a Needieman-Wunsch alignment (i.e. a giobai 
aiignment). The program is used for alignment of polypeptide, as wei! as nucleotide 
sequences. The default scoring matrix BLOSUfi/150 is used for polypeptide alignments, and 
the default identity matrix is used for nucleotide aiignments. The penalty for the first residue 
of a gap is -12 for polypeptides and -16 for nudeotides. The penalties for further residues of 

15 a gap are -2 for polypeptides, and -4 for nucteotides. 

"Align" is part of the FASTA pac!<;age version v20u6 {see W. R. Pearson and D. J. 
Upman (198S), "improved Tools for Biologicai Sequence Analysis", PNAS 85:2444-2448, 
and W. R. Pearson (1990) "Rapid and Sensitive Sequence Comparison with FASTP and 
FASTA," Methods in Enzymology 183:63- 98). FASTA protein aiignments use the Smith- 

20 Waterman algorithm with no iimitation on gap size (see "Smith-Waterman algorithm", T, F, 
Smith and M. S, Watemian (1981) J. Mol. Biol. 147:195-197). 

in particular embodiments, the polypeptide has the relevant enzymatic activity, and 
has an amino acid sequence which has a degree of identity to a specified amino acid 
sequence (a mature polypeptide) of at ieast about 65%, or of at least about 70%, or of at 

25 least about 75% or of at ieast about 80%, or of at ieast about 85%, or of at least about 90%, 
or of at least about 95%, or of at ieast about 97%. 

In another parttcuiar embodiment these homoiogous polypeptides have an amino 
acid sequence which differs by five, four, three, two or only one amino actd{s) from the 
specified amino acid sequence. 

30 In a particular embodiment, at least one of the enzymes forming part of the 

composition of the invention has a pH-optimum in the range of 3 to 7 at a temperature of 
37X. 

Allelic Variants and Fragments 

35 The polypeptides referred to herein may comprise the amino acid sequence 

specified, or they may be an allelic variant thereof; or a fragment thereof that has the 
relevant enzyme activity. In one embodiment, the polypeptides comprise the amino acid 
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sequence specified or an alletic variant thereof; or a fragment thereof that has the relevant 
enzyme activity. In another embodiment, the polypeptides consist of the amino acid 
sequence specified, or an alleiic variant thereof; or a fragment thereof that has the relevant 

enzyme activity. 

s A fragment of a specified amino acid sequence !s a polypeptide having one or more 

amino acids deleted from the amino and/or carboxyi tenminus of this amino acid sequence. 
In one embodiment, a fragment contains at least 60 amino acid residues, or at least 68, or at 
least 70, or at least 75. or at least 100, or at least 150, or at least 160, or at teast 170, or at 
least 180, or at least 190, or at least 200, or at least 210, or at least 220, or at least 240, or 

10 at least 260, or at least 280, or at least 300, or at least 310, or at least 320, or at least 330, 
or at teast 334, or at least 350, or at least 375, or at least 400, or at least 425, or at least 430 
amino acid residues, 

An allelic variant denotes any of tv^'o or more alternative forms of a gene occupying 
the same chromosomal iocus. Allelic variation arises naturally through mutation, and may 
15 result in polymorphism within populations. Gene mutations can be silent (no change in the 
encoded polypeptide) or may encode polypeptides having altered amino acid sequences. An 
allelic variant of a polypeptide Is a polypeptide encoded by an allelic variant of a gene. 

A mature polypeptide or a mature amino acid sequence refers to that part of an 
amino acid sequence which remains after a potential signal peptide part has been cleaved 
20 off . And analogousiy, a mature polypeptide encoding part of a gene refers to that part of a 
gene, which corresponds to a mature polypeptide. 



Hybridization 

The present invention also refers to polypeptides having a specified enzyme activity 
26 and which are encoded by nudeic acid sequences which hybridize under very low stringency 
conditions, preferably low stringency conditions, more preferably medium stringency 
conditions, more preferably medium-high stringency conditions, even more preferably high 
stringency conditions, and most preferably very high stringency conditions with a nucleic acid 
probe whidi hybridizes under the same conditions with a specified nucleotide sequence, or a 
30 subsequence or a complementary strand thereof {J. Sambroolt, E.F. Fritsch, and T. 
Maniatus, 1989. Molecular Cloning. A Laboratofy Manual, 2d edition, Cold Spring Harbor, 
New Yoric). in one particular embodiment the nucleic acid probe is selected from amongst 
the specified nucleic acid sequences. 

A subsequence may be at least 100 nucleotides, or in another embodiment at ieast 
35 200 nudeottdes. Moreover, the subsequence may encode a polypeptide fragment that has 
the relevant enzyme activity. 

For iong probes of at least 100 nucfeotides in length, very low to very high stringency 
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conditions are defined as prehybridization and hybridization at 42°C In 5X SSPE, 0.3% SDS, 
200 jig/mi sheared and denatured salmon sperm DNA, and either 26% formamlde for vei^ 
low and low stringencies, 35% formamide for medium and medium-high stringencies, or 50% 
formamide for high and very high stringencies, following standard Southern biotting 
§ procedures. 

For long probes of at least 100 nudeotides in length, tiie canier material is finaily 
washed three femes each for 15 minutes using 2 x SSC, 0.2% SDS preferably at least at 
45"'C (very low stringency), more preferably at least at SCC (iow stringency), more 
preferably at ieast at 65'C (medium stringency), more preferably at least at 60^C (medium- 

10 high stringency), even more preferably at least at OS'C {high stringency), and most 
preferably at least at 70X (very high stringency). 

For short probes which are about 15 nucleotides to about 70 nudeotides in length, 
stringency conditions are defined as prehybridization, hybridization, and washing post- 
hybridization at S'C to 10°C below the calculated Tf^, using ti^e calculation according to 

15 Boiton and McCarthy {1962, Proceedings of the National Academy of Sciences USA 
48:1300) in 0.9 M NaCI, Q.09 M Tns-HC! pH 7.6, 6 mM EDTA, 0,6% NP-40, 1X Denhardi's 
solution, 1 mU sodium pyrophosphate, 1 mM sodium monobasic phosphate, 0.1 mU ATP, 
and 0.2 mg of yeast RNA per ml foiiowing standard Southern biotting procedures. 

For short probes which are about 15 nucleotides to about 70 nucleotides in length, 

20 the carrier material is washed once in 5X SCO plus 0.1% SDS for 16 minutes and twice each 
for 1 5 minutes using 6X SSC at 5'C to lO^C below the calculated T^. 



Enzyme Variants 

Stiii further, the polypeptides referred to herein may be variants of the polypeptides 
2S specified comprising a substitution, deletion, and/or insertion of one or more amino acids. In 
a particular embodiment, the polypeptides are thermostable variants of tiie polypeptides 
specified. 

The amino acid sequences of the variant polypeptides may differ from the amino acid 
sequence specified by an insertion or deletion of one or more amino acid residues and/or the 

30 substitution of one or more amino acid residues by different amino acid residues. Preferably, 
amino add changes are of a minor nature, that is consen^ative amino add substitutions that 
do not significantly affect the folding and/or activity of the protein; small deletions, typically of 
one to about 30 amino adds; small amino- or carboxyi-terminal extensions, such as an 
amino-terminai methionine residue; a small linker peptide of up to about 20-25 residues; or a 

36 small extension that fadlitates purification by changing net charge or another function, such 
as a poly-histJdine tract, an antigenic epitope or a binding domain. 

Examples of conservative substitutions are within the group of basic amino acids 
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(arginine, lysine and histidine), acidic amino acids {glutamic acid and aspartic acid), polar 
amino acids (glutamine and asparaglne), hydrophobic amino adds (leucine, isoleucine and 
valine), aromatic amino acids {phenylalanine, tryptophan and tyrosine), and small amino 
acids (glycine, alanine, serine, threonine and methionine). Amino add substitutions which do 
5 riot generally aiter the speciffc activity are i<nown in the art and are described, for exampie, 
by H. Neurath and R.L. H\l\, 1979, In, The Proteins, Academic Press, New York. The most 
commonly occurring exchanges are Aia/Ser. Val/lfe, Asp/Glu. Thr/Ser, Aia/Giy, Ala/Thr, 
Ser/Asn. AlaA/al, Ser/Gty, Tyr/Phe, Aia/Pro, Lys/Afg. Asp/Asn, Leu/lle, LeuA/al. Ala/G!u, and 
Asp/Giy as weli as these in reverse. 

10 

l\3icrobial Sources 

The polypeptides referred to herein may be encoded by a nucleotide sequence 
derived from a naturally occurring microorganism, or they may be an analogue, a fragment, 
a variant, a mutant, or a synthetic polypeptide, which is amended as compared to the one or 

15 more wild-type polypept!de(s) on the basis of which it has been designed {genetically 
engineered). Synthetic or genetically engineered poiypeptides, including shuffled enzymes 
and consensus enzymes, can be prepared as is generally l<nown in the art, eg by Site- 
directed Mutagenesis, by PGR (using a PGR fragment containing the desired mutation as 
one of the primers in the PGR reactions), or by Random Mutagenesis, The preparation of 

20 consensus proteins is described in eg EP 897985. 

The polypeptides refen-ed to herein may be produced or expressed in the original 
wild-type microbial strain, e.g. in a strain of Thermoascus aurantlacus, or in another 
microbial strain, in a plant, or in an animal - as Is generally known in the art. E.g., the 
xylanase and endoglucanase may be co-expressed In one and the same expression host, 

25 Also additional enzymes, if any, may be co-expressed. 

Accordingly, the polypeptides referred to herein may be wild-type or naturaily 
occuning polypeptides, or they may be genetically engineered or synthetic polypeptides. 
They may be expressed in an original, \fl«ld-type strains or by recombinant gene technology 
in any other host cell. 

30 Examples of a bacteria! polypeptide are a gram positive bacterial polypeptide such as 

a Bacillus polypeptide, or a Sb^ptomyces polypeptide; or a gram negative bacterial 
polypeptide, e.g., an £ co//or a Pseudomonas sp. polypeptide. 

Examples of a Sacfws polypeptide are a Bacillus agamdhaemns, Bacillus oiroulans, 
Bacillus ihheniformis. Bacillus pumilus, or Bacillus subtilis polypeptide. 

35 Examples of a Str&ptomyces polypeptide are a StrsptomyGes coe^icolor, 

Stmptomyces llvk^ans, StmplomycBS ollvaceoviridis, Streptomyces theimocyanBOViolaceus, 
StrBptomyG6s thermoviolaceus, or Streptomyces vfridosporus polypeptide. 
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Examples of a funga! poiypeptide are a yeast poiypeptlde such as a Candida, 
Kluyveromyces, Pichia, Sacclmromyces, Schtos&<xharomyCBs, or Yartowia pofypeptide, for 
example a Pichia stiprtis polypeptide; or a filamentous funga! polypeptide such as an 
AcrBmonium, Aspergillus, Aureobasidium, Cryptococcus, EmericeHa, Fttibasidium, Fusamm, 

5 Gaeumannomyc&s, Humicola, Lentimla, Magmporthe, Mucor, MycBltophthora, 
Neocallimastiy, Netirospora, Nocardiopsis, PaecilomyGes, Penicmum. Piromyces, 
Schtzophyllum, Taiaromyces, Thermoasaus, ThBrmomyc&s, Thieiavia, Toiypodadium, or 
Triclioderma poiypeptide. 

In one embodiment, the polypeptide is an Aspergilius aculeatus, Aspergillus awamori, 

10 Aspergillus foetidus, AspergiHas japormus, Aspergillus kawachll, Aspergillus nidulans, 
Aspergillus niger. Aspergillus otyzae, Aspergillus tubigensis, Emericeila nidularfs, Fusarium 
bactridioides, Fusariurr) cereaiis. Fusarium crookwellense, Fusarium culmomm, Fusarium 
gramineaivm, Fusarium granunum. Fusarium iieterosporum, Fusarium negundi, Fusarium 
oxysporum, Fusarium oxysponun f sp. lycopersioL Fusarium reticulatum, Fusarium rosBum, 

15 Fusarium sambucinum, Fusarium sarGochroum, Fusarium sporotrichioides, Fusarium 
sulptiureum, Fusarium torulosum, Fusarium trichoWecioides, Fusarium venenatum, 
Gaeumannomyces graminis, Humicola grisea var. tliermoidea, i-iumicola insoler)s, Humlcola 
lanuginosa, Lentinula edodes, Magnapodfie grisea, Mucor miehei, MycellopMbOfa 
timnnophila, Neocalllmastix frontalis, NeocaHimastix patriciarum, Neurospora crassa, 

20 Nocardiopsis dassonvillel, Paeciiomyces varioti Bamler, Penicillium funiculosum, 
purpurt}genum, Schizophyllum commune, Taiaromyces emersonii, Thermoascus 
aurantiacus, Thetmomyces lanuginosus, Tn'choderma harzianum, Triclioderma konlngii, 
TnchodBnr}& longibrmniatum, Trichodorma reesei, Tiichoderma terwstrls, or Trichoderma 
viride polypeptide. 

25 It will be understood that the definition of the aforementioned species includes both 

the perfect and imperfect states, and other taxonomic equivalents e.g., anamorphs, 
regardless of the species name by which they are knovwi. Those skilled in the art will readily 
recognize the identity of appropriate equivalents. 

Stains of these species are readily accessibie to the public in a number of culture 

30 coilectfons, such as the American Type Culture Collection (ATCC), Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH {DSMZ), Centraalbureau Voor Schimmelcultures 
(CBS), and Agricuitural Research Service Patent Culture Collection, Northern Regional 
Research Center (NRRL). 

Furthermore, such polypeptides may be identified and olstained from other sources 

35 including mtaroof^anisms Isolated from nature {e.g., soil, composts, water, etc.) using the 
above-mentioned probes. Techniques for isolating microorganisms fmm natural habitats are 
well known in the art. The nucieic add sequence may then be derived by similarly screening 
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a genomic or oDNA library of another microorganisiri. Once a nucleic acid sequence 
encociing a poSypsptlde has been detected with Vne pn3be(s), the sequence may be isolated 
or cioned by utilizing techniques which are known to those of ordinary skill in the art (see, 
e.g., Sambrook etal, 1989, supra), 

s 

Enzyme Purity 

In a particular embodiment of the composition of the invention, at least one of the 
component polypeptides is isolated, i.e. essentially free of otlier polypeptides of enzyme 
activity, e.g., at feast about 20% pure, preferably at feast about 40% pure, more preferably 

10 about 60% pure, even more preferably about 80% pure, most preferably about 90% pure, 
and even most preferably about 95% pure, as determined by SDS-PAGE. As it is generally 
icnown in the art, for detection purposes the SDS-gei can be stained with Coomassie or silver 
staining. It should be ensured that overloading has not occurred, e.g. by checking linearity by 
applying various concentrations in different lanes on the gel. 

1S fn another embodiment, at least one of the component polypeptides is well-defined. 

The term well-defined refers to a preparation of the polypeptide in question which is at least 
50% pure as determined by Size-exclusion chromatography, fn other particular embodiments 
the preparation is at least 60, 70, 80, 85, 88, 90, 92, 94, or at feast 95% pure as determined 
by this method. As it is generally known in the art, foBowing Size-exclusion chromatography, 

20 polypeptides can be detected by measuring absorbance at 214 and/or 280 nm. 

in still another embodiment, at least one of the component polypeptides is pure, the 
term pure indicating, that a fractionation of the polypeptide preparation on an appropriate 
Size-exclusion column reveals oniy one major poJypepUde component having the enzyme 
activity in question. 

25 The skilfed worker will knov/ how to select an appropriate Size-exclusion 

chromatography column. He might start by fractionating the preparation on e.g. a 
HtLoad26/60 Superdex75pg column from Amersham Pharmacia Biotech. If the peaks would 
not be clearly separated he would try different columns (e.g. with an amended column 
particle size and/or column length), and/or he would amend the sample volume. By simple 

30 and common trial-and-enror methods he would thereby arrive at a column with a sufficient 
resolution {clear separation of peaks), on the basis of vrfiich the purity caicuiatSon can be 
performed. 

In a particular embodiment at ieast one polypeptide of the composition of the 
invention is isolated and/or well-defined and/or pure. In another embodiment at ieast two of 
35 the polypeptides of the composition, are Isolated and/or well-defined and/or pure. In a most 
preferred embodiment each of the tiiermostabie component polypeptides of the composition 
is isolated and/or weli-deftned and/or pure. 
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The use Cff an isoiatsd and/or welMefined and/or purs polypeptide in the composition 
of the invention is advantageous. For instance, it is much easier to dose correctiy, e.g. to 
animal feed, enzymes that are essentially free from Interfering or contaminating other 
enzymes. The term dose correctly refers In particular to the objective of oWainlng consistent 
5 and constant animal feeding results, and the capability of optimising dosage based upon the 
desired effect. 

The composition of the invention can be used for many purposes, for example in 
anima! feed. For such purposes it can be (a) added directly to animaf feed (or used directly 
in a treatment process of vegetabie proteins), or (b) it can be used in the production of one 

10 or more intermediate compositiotis such as feed additives or premtxes that is subsequently 
added to feed (or used in a treatment process). The purity indications described above in 
relation to the terms isolated, well-defined and pure refers to the purity of the component 
poiypaptides, i.e. before these are mixed to form a composition of the Invention, and whether 
this composition is used according to (a) or (b) above. 

15 Polypeptide preparations with purities of this order of magnitude are in particular 

obtainable using recombinant methods of production, whereas they are not so easily 
obtained and also subject to a much higher batch-to-batdi variation when the polypeptide is 
produced by traditional fermentation methods. 

The polypeptides comprised in the composition of the invention are preferably also 

20 purified. The term purified refers to a protein-enriched preparation, in which a substantial 
amount of iow molecular components, typical residual nutrients and minerals originating from 
the fermentation, have been removed. Such purification can e.g. be by conventional 
chromatographic methods such as ion-exchange chromatography, hydrophobic interaction 
chromatography and size exclusion chromatography {see e.g. Protein Purification, 

26 Principles, High Resolution Methods, and Applications. Editors; Jan-Christer Janson, Lars 
Ryden, VCH Publishers, 1989). 

JiSicroorganIsm Taxonomy 

Questions relating to taxonomy are preferably solved by consulting a taxonomy data 
30 base, such as the NCBI Taxonomy Browser which is available at ttie following internet site: 
http://www,ncbi,n!m,nih.gov/Taxonomy/taxonomyhome.htmi/. For questions relating to fungal 
taxonomy, see preferably Dictionary of flie Fungi, 9* edition, edited by Kirk, P.M., P.F. 
Cannon, J.C. David & J.A. Stalpers, CAB Publishing, 2001 
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Composiijons and Uses 
Animai Feed and Animai Feed Additives 

Over and above the enzymes described abovs, the composition of Si© invention may 
§ comprise additional enzymes, vitamins, minerals, and/or additional ingredients, examples of 

which are listed below. 

The oompositton may be prepared in accordance with methods known in the art, e.g. 
by mixing of the individua! enzyme components, as desired, preferably, in the form of 
isolated, pure, well-defined, and/or purified enzymes, preferably followed by a formulation 

10 step. The formulated composition may be liquid or dry. e.g. in the form of a granulate or a 
microgranuiate. The enzymes may be stabilized in accordance with methods known in the 
art. At least one compound selected from stabiiizers, fillers, pH-regu!ators, preservatives, 
viscosity modifying substances, aroma compounds and/or the like ingredients may be added 
to and mixed mth the enzymes. This is so in particular for liquid enzyme compositions. 

16 A preferred use of the composition of the invention is within the field of animal feed. 

For the present pujposes, the term animal includes all animals, including human 
beings. In a particular embodiment, the composition of the invention can be used as a feed 
additive for non-human animals. Examples of animals are non-ruminants, and ruminants, 
such as cows, sheep and horses. In a particular embodiment the animal is a non-ruminant 

20 animai. Non-ruminant animais include mono-gastric animals, e.g. pigs or swine (including, 
but not limited to, piglets, growing pigs, and sows); poultry such as tuf1<eys and chici<en 
(mcluding but not limited to broiler chicks, layers); young calves; and fish (including but not 
limited to salmon). 

The terms animai feed, animal feed composition, feed or feed composition mean any 
25 compound, preparation, mixture, or composition suitable for, or intended for intake by an 
animal. The composition of the Invention can be fed to the animal before, after, or 
simultaneously with the diet. The iatter Is preferred. 

The composition of the Invention, when Intended for addition to animal feed, may be 
designated an animal feed additive. Such additive may be a relatively simple mixture of the 
30 at least two enzymes, preferably In the fomi of stabilized liquid or dry compositions as 
referred to above. In another type of animal feed additive the two enzymes are in admixture 
with other components or ingredients of animal feed. The so-calied pre-mixes for animal 
feed are particular examples of such animal feed additives. Pre-mixes may contain the 
en2yme{s) in question, and in addition at least one vitamin and/or at least one mineral. 
35 Accordlngiy, in a particular embodiment, in addition to the component polypeptides, 

the composftion of the invention may comprise at least one fat-so!ubie vitamin, and/or at 
least one water-soiuble vitamin, and/or at least one trace mineral. The composition may also 
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comprise at least one macro mineral 

Examples of fat-solubie vitamins are vitamin A, vitamin D3, vitamin E, and vitamm K, 
e.g. vitamin K3. 

Examples of water-soluble vitamins are vitamin B12, blotin and clioiine, vitamin 81, 
5 vitamin 82, vitamin B6, niacin, foiic add and pantbothenate, e.g. Ca-D-pantiiotheriate. 

Examples of trace minerals are manganese, zinc, iron, copper, iodine, seienium, and 

cobalt. 

Examples of macro minerals are calcium, phosphorus and sodium. 

Further, optional, feed-additive ingredients are antimicrobial peptides, colouring 
10 agents, aroma compounds, and stabilizers. 

Examples of antimicrobial peptides (AMP's) are CAP18, Leucocin A, Tritrpticin, 
Protegrin-1, Thanatin, Defensin, and Ovispirin such as Novispirin (Robert Lehrer, 2000), 
Plectasins, and Statins, including the compounds and polypeptides disclosed in 
PCT/DKQ2/00781 and PCT/DK02/00812, as weii as variants or fragments of the above that 
15 retain antimicrobial activity. 

Examples of antifungai polypeptides (AFP's) are the Aspergillus giganteus, and 
Aspergillus mger peptides, as well as variants and fragments thereof which retain antifungal 
activity, as disclosed in WO 94/01459 and WO 02/090384. 

In a particular embodiment, the animal feed additive of the invention is intended for 
20 being included (or prescribed as having to be inciuded) in animal diets or feed at levels of 
0.0010-12.0%, or 0.0050-11.0%, or 0.0100-10.0%; more particularly 0.05-5.0%; or 0.2-1.0% 
{% meaning g additive per 100 g feed). This is so In particular for premixes. 

Accordingly, the concentrations of the individual components of the animal feed 
additive, e.g. the premix, can be found by multiplying the final in-feed concentration of the 
25 same component by, respectively, 10-10000; 20-2000; or 100-500 {referring to the above 
three percentage inclusion intervals). 

The final in-feed concentrations of important feed components may reflect the 
nutritional requirements of the animal, which are generally known by the skilled nutritionist, 
and presented in publications such as the foilowing: NRC, Nutrient requirements in swine, 
30 ninth revised edition 1988, subcommittee on swine nutrition, committee on animal nutrition, 
board of agriculture, national research council. National Academy Press, Washington, D.C. 
1988; and NRC, Nutrient requirements of poultry, ninth revised edition 1994, subcommittee 
on poultry nutrition, committee on animal nutrition, board of agriculture, national research 
oouncii. National Academy Press, Washington, D.C. 1994. 
35 The polypeptides forming part of the composition of the invention should of course be 

applied in antmaf feed in an effective amount, i.e. in an amount adequate for improving the 
nutritional value of the feed. It is at present contemplated that each enzyme is administered 
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in the following dosage ranges; 0,01-200; or 0.01-100; or 0.05-100; or 0.05-50; or 0.10-10 - 

all these ranges being in mg enzyme protein per kg feed (ppm). 

For determining mg enzyme protein per kg feed, the enzymes are purSfied from the 

feed composition, and tiie specific activity of the purified enzymes is determined using a 

S relevant assay as described above. The enzyme activity of the feed composition as such is 

afso determined using the same assay, and on the basis of these two determinations, the 

dosage in mg enzyme protein per kg feed is calculated. The same principles apply for 

determining mg enzyme protein in feed additives. 

Of course, if a sampie is available of the er^2:yme used for preparing the feed additive 

10 or the feed, the specific activity is determined from this sampie (no need to purify the 

enzymes from the feed composition or the additive). 

Animai feed compositions or diets have a relatively high content of protein. An animal 

feed composition according to the invention has a crude protein content of 50-800, or 75- 

700, or 100-600, or 110-500, or 120-490 g/kg, and furtliermore comprises a composition of 

IS the invention. 

Furthermore, or in the alternative (to the crude protein content indicated above), the 
animal feed composition of the invention has a content of metaboiisafale energy of 1 0-30, or 
11-28, or 11-26, or 12-25 MJ/kg; and/or a content of calcium of 0.1-200, or 0.5-150, or 1- 
100, or 4-50 g7l<g: and/or a content of available phosphorus of 0.1-200. or 0,5-150, or MOO. 

20 or 1-50, or 1-25 gik^; and/or a content of methionine of 0.1-100, or 0.6-75, or 1-50, or 1-30 
g/Rg; and/or a content of methionine pius cysteine of 0.1-150, or 0,5-125, or 1-80 g/kg; 
and/or a content of lysine of 0.5-50, or 0.5-40, or 1-30 g/kg. 

Crude protein is calculated as nitrogen (N) multiplied by a factor 6.25, i.e. Crude 
protein (g/icg)= N (g/kg) x 6,25 as stated in Anima! Nutrition. 4'*" edition. Chapter 13 (Eds. P. 

25 McDonald, R. A. Edwards and J. F. D. Greenhaigh, Longman Scientific and Technical, 1988, 
iSBN 0-582-40903-9). The nitrogen content can be determined by the KJeldahl method 
(A.O.A.C., 1984, Official i\4ethods of Analysis 14*" ed., Association of Official Analytical 
Chemists, Washington DC). But also other methods can be used, such as the so-cailed 
Dumas method in vs^ich the sample is combusted in oxygen and the amount of nitrous 

30 gasses formed are analysed and recaicuiated as nitrogen, 

Metabolisable energy can be caicuiated on the basis of the NRC pubiication Nutrient 
Requirements of Swine (1988) pp. 2-6, and the European Tabie of Energy Values for Poultry 
Feed-stuffs, Spelderhoil centre for poiMy research and extension, 7361 DA Beekbergen, 
The Netherlands. Oraftsch bedrljf Ponsen & looljen bv, Wageningen. ISBN 90-71463-12-5. 

36 In a particular embodiment, the animal feed composition of the Invention contains at 

least one vegetable protein or protein source. Examples of vegetabie protein or protein 
sources are soybean, and the cereais such as barley, maize (com), oat, rice, rye, sorghum 
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and wheat. Preferred (^reais am wheat, bariey , oats and rye. 

In stilt further particular embodiments, the animal feed composition of the invention 
contains 0-80% maize; and/or 0-80% sorghum; and/or 0-70% wheat; and/or 0-70% Barley; 
and/or 0-30% oats; and/or 0-40% soybean meal; and/or 0-10% fish meal; and/or 0-20% 
6 whey. 

Animal diets can e.g. be manufactured as mash feed (non-pelieted) or pelleted feed. 
Typically, the mJiled feed-stuffs are mixed and sufficient amounts of essential wtamins and 
minerals are added according to the specifications for the species in question, see Exsmple 
7 herein. 

10 The composition of tiie invention can be added in the form of a solid or liquid enzyme 

formulation, or in the form of a feed additive, such as a pre-mix. A solid composition is 
typically added before or during the mixing step; and a liquid composition is typica% added 
after the pelleting step. In the process of Example 7, however, the thermostable liquid 
enzyme composition is added before the pelleting step. 

15 The composition of the invention when added to animal feed leads to an improved 

nutritional value of the feed, e.g. the growth rate and/or the weight gain and/or the feed 
conversion (i.e. the weight of ingested feed reiative to weight gain) of the animal Is/are 
improved. These results may be due to, in turn, one or more of the following effects: 
Reduction of the viscosity of materials present in the animal's gut; release of nutrients 

20 entrapped e.g. in ceii walls of cereals; supplementation and improvement of the endogenous 
enzyme acti\«tfes of the anlmai and the gut microbfal flora (this is so in particular In young 
animals). 

In vitro experiments simuiating stomach and small intestine in monogastrics have 
shown that the endoglucanase derived from Thmmoascus aurantiacus as described in the 
25 experimental part is capable of decreasing the viscosity of the luminal content (barley mill 
fraction enriched in beta-glucans), thereby enhancing nutrient absorption. 

In particular embodiments the weight gain is at least 101, 102, 103, 104, 105, 100, 
107, 108, 109, or at ieast 110% of the control (no enzyme addition). 

In further particular embodiments the feed conversion is at most {or not more than) 
30 99, 98, 97, 86, 95, 94, 93, 92, 91 or at most 90%, as compared to the control (no enzyme 
addition). 

The composition of the invention may also be used in vitro, e.g. to treat vegetable 
proteins. The term vegetable proteins as used herein refers to any compound, composition, 
preparation or mixture that includes at least one protein derived from or originating from a 
35 vegetable, including modified proteins and protein-derivatives, in particular embodiments, 
the protein content of the vegetable proteins is at least 10, 20, 30, 40, 50, or 60% (w/w). 

Examples of vegetable proteins or protein sources are cereals such as bailey, wheat, 
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rye, oat, maize (corn), rice, and sorghum. Other examptes are soya bean meal, peas and 
rape seed meai from iegumtnosae and brassfca families. 

The vegetable protein or protein source is typicafly suspended in a soivent, eg an 
aqueous solvent such as water, and the pH and temperature values are adjusted paying due 
s regard to the characteristics of the enzymes in question. The enzymatic reaction is continued 
until the desired result is achieved, following which it may or may not be stopped by 
inactivating the enzymes, e.g. by a heat-treatment step. 

in another particular embodiment of a treatment process of the invention, the enzyme 
actions are sustained, meaning e.g. that the enzymes are added to the vegetable proteins or 
10 protein sources, but their activity is so to speak not switched on unti! later when desired, 
once suitable reaction conditions are established, or once any enzyme inhibitors are 
inactivated, or vs/hatever other means may have been applied to postpone the action of the 
enzymes. 

These are additionai particular embodiments of the present invention: 

IS A composition comprising t) at least one poiypeptide having xyianase activity, the 

polypeptide being a family 11 glycoside hydrolase; and ii) at least one polypeptide having 
endoglucanase activity, the poiypeptide comprising (a) an amino acid sequence of at least 
75 % identity to amino acids 1 to 336, or 31 to 336 of SEQ ID NO:2, and/or wherein the 
polypeptide is (b) encoded by a nucieic acid sequence which hybridizes under iow stringency 

20 conditions with (i) the mature endoglucanase encoding part of the piasmid contained in 
Escherichia coil DSM 14541, (ii) nucleotides 1 to 1008, or 90 to 1008 of SEQ !D NO:1, (tii) a 
subsequence of (i) or (ii) of at least 100 nucleotides, or (iv) a complementary strand of (i), (it) 
or (iii); (c) a variant of the polypeptide having the amino acid sequence of SEQ ID NO; 2 
comprising a substitution, deletion, and/or insertion of one or more amino acids, (d) an allelic 

25 variant of (a) or (b), or (e) a fragment of (a), (b), or (d) that has endoglucanase activity; 

Any of the above compositions, wherein i) the polypeptide having endoglucanase 
activity is a family 5 glycoside hydrolase; ii) at least one of the polypeptides having 
endoglucanase or xyianase activity is thermostable; iii) tlie polypeptide having xyianase 
activity is derived from a strain of A^ergillus, Humicofa, Th&mtomyces, or Trichoderma:, iv) 

30 wherein the composition further comprises at ieast one polypeptide having endo-1 ,3(4)-beta- 
giucanase aci!\flty, and/or at least one polypeptide having protease activl^, and/or at least 
one poiypeptide having phytase activity; v) wherein at least one of the further poiypeptides is 
thermostable; vi) wherein the composition further comprises (a) at least one fat soluble 
vitamin, and/or <b) at ieast one water soluble vitamin, and/or (c) at ieast one trace mineral, 

35 and/or (d) at least one macro mineral; vii) wherein the composition is an animal feed 
additive; 

Any of the above compositions, further comprising at least one poiypeptide having 
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encio~1,3(4)-beta-glucanase activity, and/or at least one polypeptW© having protease activity, 
and/or at least one polypeptide having phytase activity, the endoglucanase and/or the 
xylanase and/or the endo-1,3(4)-beta-giucanase, and/or the phytase, and/or the protease 
being preferabiy thermostable, or the xylanase, as well as the endoglucanase and/or the 

6 endo-1,3{4)-beta-g!ucanasQ being thermostabSe, or the xylanase, the phytase, and the 
endoglucanase and/or the endo-1,3(4)-betag!ucanase being thermostable. 

Compositions comprising (i) at least one polypeptide having xylanase activity, and (it) 
at least one polypeptide having endoglucanase activify, wherein at least one of the 
poiypeptides are thermostable; as well as methods of preparing such compositions, their use 

10 in animal feed, their use for treatment of vegetable proteins, and animal feed compositions 
wth content thereof. In a particular embodiment both polypeptides are thermostabie. !n a 
further preferred embodiment, at least one of an additional polypeptide of the composition, if 
any, is also thermostable {eg. an endo-1,3(4)-beta~glucanase, a protease, or a phytase). 

A method of preparing any of the above compositions, the method comprising the 

15 step of mixing the polypeptides having endoglucanse and xylanase activity. 

Use of the any of the above compositions trt animal feed, in the preparation of anima! 

feed. 

A method for improving the nutritional value of an animal feed, wherein any of the 
above compositions is added to the feed, 
20 An animai feed composition having a crude protein content of 50 to 800 g/icg and 

comprising any of the above compositions, the feed composition preferably comprising at 
least one of vifheat, barley, oats or rye. 

A method for the treatment of vegetable proteins, comprising the step of adding any 
of the above compositions to at least one vegetable protein or protein source, the vegetable 
25 protein source preferably Including wheat, tarley, oats and/or rye. 



Examples 

Example 1: Enzyme activity assays 
Endoglucanase 

30 This assay is primarily for assaying endoglucanase activity In anima! feed In the fomi 

of mash feed or pellets, or in enzyme premix in powder form. For assaying the 
endoglucanase activity of enzyme samples which are neither mixed with feed components, 
nor with vitamins and mtnerais and the like as In premix, an appropriate starting point Is after 
the heading "incubation and predpitation ° 

35 

Reapents and solutions 
AzQ-CM-celiuiose solution 
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Suspend 0.4g Azo-CH^-cellutoss (Megazyme) in 16ml of deminerafised water and stir 
thoroughly in a boiiing water bath for 5 minutes until complete dissolution. After cooiing to 
room temperature 1m! of a 2M sodium acetate buffer, pH4.5 (Megazyme) is added. Adjust 
the volume with water to 20ml. This solution is kept at S'C. 
5 Extraction Buffer 

Dissolve 5.44g sodium acetate-trihydrate and 6.24g sodium dlhydrogen-o-phDsphate 
in approwmately 900 ml distiiied water and adjust pH to 4.2 with 1N HCI. Add distilled water 
ad 1000ml, 
Precipitafion SQlution 

10 Dissolve 40g sodium acetate tri-hydrate and 4g zinc acetate in 150m! demineraiised 

water, and adjust to pHS.O with 5M HCI. Add demineraiised water ad 200mi. Add this 
soiutfon to 800ml ethanoi {95%v/v), mix and store at room temperature in a sealed bottle. 

Assay Procedure 
15 Pre-treatment of premix 

Add 10g premix to 90g corn flour and mix well. Add 10g of this mixture to 90g corn 

flour and mix well. 

Sample preparation and djiution 

Weigh 50,0g feed (or premix pre-treated as described above) into a SOOmi 
20 Erienmeyer flask and add 500mt Extraction Buffer. Stir for 46 minutes. Take out a sample of 

50mi for centrifugation for lOminutes at 2000xg. The supematants are used for the below 

enzyme reaction, diluted as required with extraction buffer. 

Incubation and precipitation 

The incubation temperature is 50"C, 0.1m! of the substrate is pipetted into eadi vial 
25 and pre-incubated for 5 minutes before adding 0,1 mi of the supernatant from above. After 60 

minutes 0,6ml of the precipitation solution is added to each vial, and the vial is mixed 

tiioroughly on a Vortex mixer. The samples are allowed to stand for 15 minutes at room 

temperature, and are then mixed again and subjected to centrifugation at 3500 rpm for 10 

minutes. 

30 OP measurements and activity calculation 

300 microliter of the supernatants from above is immediately pipetted into microtiter 
plates and the absorbancy at 600nm Is measured. The concentration of endogtucanase in 
the samples is calculated by reference to an appropriate standard curve, 

35 Xylanase 

This assay Is primarily for assaying xylanase activity in animal feed in the form of 
mash feed or pellets, or m enzyme premix in powder form. For assaying the activity of 
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enzyme samples which are neither mixed with feed components, nor with vitamins and 
minerais and the like as in premix, an appropriate starting point is after the heading 
'Incubation and precipitation." 

5 Reagents and solutions 

Azo-Xvian (Birchwood ) 

Suspend 0.4 g Azo-Xylan (Birchwood, Megazyme) in 16mi of demineralised water 

and stir thoroughly in a boiling water bath for Sminutes until complete dissolution. Cool to 

room temperature and add imi 2M sodium acetate buffer, pH 4,5 (Megazyme). Add 
10 demineralised water ad 20mL Store at SX. 

Extraction Buffer 

Dissolve 5.44g sodium acetate-trihydrate and 6,24g sodium dihydnogen-o-pbosphate 
in approximately 900 m! distilled water and adjust pH to 4.2 with IN HCI. Add distilled water 
ad lOOOnrii, 
15 Precipitation Soiution 

8S% (v/v) laboratory grade ethanol Is used as the Precipitation Solution. 

Assay Prppedure 
Pre-treatment of premix 

20 Add 10g premix to 90g corn flour and mix well. Add lOg of this mixture to 90g corn 

flour and mix well. 

Sample preparation and dilution 

Weigh SO.Og feed (or premix pre-treated as described above) into a 500ml 

Erienmeyer fiask and add SOOml Extraction Buffer. Stir for 45 minutes. Take out a sample of 
25 50ml for centrifugation for lOminutes at 2000xg. The supematants are used for the below 

enzyme reaction, diluted as required with extraction buffer. 

Incubation and precipitation 

The incubation temperature is 50*C. 0.125ml of the substrate is pipetted into each 

via! and pre-incubated for 5 minutes before adding 0.1ml of the supernatant from above. 
30 After 150 minutes 0.64mJ of the precipitation solution is added to each vial, and the viai is 

mixed thoroughly on a Vortex mixer. The samples are allowed to stand for 15 minutes at 

room temperature, and are then mixed again and subjected to centrifugation at 3500 rpm for 

10 minutes. 

OP measurements and activity calculation 
35 300 microliter of the supematants from above is immediately pipetted into microtiter 

plates and the absorbancy at 600nm is measured. The concentration of xylanase in the 
samples is calculated by reference to an appropriate standard curve. 
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E ndo-1 ,3(4)-beta-slucanase 

This assay is primarily for assaying endo-l ,3(4)-beta-giucanase activity in animal 
feed in the form of mash feed or pellets, or In enzyme premix in powder form. For assaying 
5 the activity of enzyme sampies which are neither mixed with feed components, nor witli 
vitamins and minemts and the like as in premix, an appropriate starting point is after the 
heading Incubation and precipitation.' 

Reagents and solutions 
10 Azo-Bariev beta-alucan so i u tion 

1% Azo-Barley beia-glucan (Megazyme) is used as a substrate. 

Extraction Buffer 

Dissolve 5.44g sodium acetate-trihydrate and 6,24g sodium dihydrogen-o-phosphate 
in approximately 900 ml distilled water and adjust pH to 4.2 with IN HCI, Add distilled water 
16 ad 1000m!. 

Precipitation Soiution 

Dissolve 40g sodium acetate tri-hydrate and 49 zinc acetate in 150ml distilled water, 
and adjust to pH5.0 with concentrated HCI. Add distiiied water ad 200ml. Add this solution to 
SOOmi methyl ceilosolve {2-methoxyethanol), mix and store at room temperature. 

20 

Assay Procedure 

Pre-tneatment of premb t 

Add 10g premix to 90g corn flour and mix well. Add 10g of this mixture to 90g corn 

flour and mix well. 
25 Sample preparat io n and diiution 

Weigh SO.Og feed (or premix pre-treated as described above) into a SOOmi 

Edenmeyer fiask and add 500ml Extraction Buffer. Stir for 45 minutes. Take out a sample of 

50mi for centrlfugation for lOminutes at 2000xg. The supernatants are used for the below 

enzyme reaction, diluted as required with e)draction buffer. 
30 incubaMonandpngcipitatlpn 

The incubation temperature Is 50°C, 0.1ml of the substrate is pipetted into each vial 

and pre-incubated for 5 minutes before adding 0.1 mi of the supernatant from above. After 90 

minutes 0.5ml of the precipitation solution is atdde^ to each vial, and the vial is mixed 

thoroughly on a Vortex mixer. The samples are aliowed to stand for 15 minutes at room 
35 temperature, and are then mixed again and subjected to centrifugation at 3600 rpm for 10 

minutes. 

00 measurements and activity calculation 
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300 microiiter of the supematants from above is immediately pipetted into microtiter 
plates and the absorbancy at 600nm is measured. The concentration of endo-1,3(4)-<b6ta- 
glucanase in the samples is calculated by reference to an appropriate standard curve. 



5 Specific Enzyme Activity 

For determining specific enz^e activity, the concentration of enzyme protein can be 
calculated as follows: a) By measuring the absorbance at 280 nm conribtned with the 
theoretioal molecular weight and the theoretical molar extinction coefficient (both determined 
from the amino acid sequence); or b) From amino acid analysis. Botli methods require a 
10 highly purified enzyme sample with full acMy 



Exampies 2-6 

Reagents, Media, and Equipment 

Reaijaents : 

16 Unless otherwise specified, the chemicals used were commercial products of at least 

reagent grade. 

AZCL-sutJstrates from IWegazyme: 

Azurine-Cross-Lintced substrates are supplied as fine powders which are insoluble in 
buffered solution, but rapidly hydrate to form gel particles which are readily and rapidly 
20 hydrolysed by the relevant enzymes, thus releasing 9ie soluble dye-iabeled fragment. 
AZCL-Bariey-beta-Glucan from Megazyme 

AZCL-Oat-Spelt-xylan, AZCL-HE-cei!ulose, AZCL-Potato-Galactan, AZCL-Galactomannan 
(carob), AZCL-Tamarind-Xyiogtucan, AZCL-Debranched-Arabinan 

25 iPTG (Pmmega, Cat. No. V3951 ) 

X-gal {Promega, Cat No. V3941) 

IMP agarose (Promega, Cat. No. V2111) 

30 

Media : 

Buffer system (pH 3 to pH 11); lOOmM succinic acid, lOOmM HEPES, lOOmM CHES, 
100my CABS, ImM CaCig, 150mM! KCi, 0.01% Triton*^ X-100 adjusted to pH-values 2.0, 
2.5, 3.0, 3.5, 4.0, 4.5, 6.0, 6.0, 7.0, 8.0, 9.0, 10,0 or 11,0 with HCl or NaOH (herein for short 
35 designated "the succinic acid buffer system"). 

WB (Wheat Bran medium): 

30 g wheat bran, 45 mi of the following solution in each 500 ml shake fiask; 

4 g Yeast Extract 
AQ 1 g KH2P04 

0.5 g ygSO^yHsO 
15 g Glucose 
1000 ml Tap water 
Autoclave at 121 "C for 20 min,; pH 5.4 after autoclaving 

45 

CBi-i1 medium: 

Avicei 25 g (NH4)2S04 1-4g 
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KH2P04 


2g 


Urea 


0.3g 


CaCl2.2H20 


0.3g 


MgS04.7H20 


0.3g 


F6SO4.7H2O 


Smg 




1,6m 


Peptone 


1g 


Yeast Extract 


10g 


TWEEN80 


1m! 


Giueose 


5g 


H2O 


1000 ml 







80 ml in 500 mt Erienmeyer f!ask, autoclave 20 minutes under 121°C. 

LB liquid medium: To 950mi of detonized H2O, add: lOg bacto-tryptone, 5g isacto-yeast 
10 extract, 10g NaCI. Shake unti! the solutes have dissolved. Adjust the pH to 7.0 with SH 
NaOH (~0,2mf). Adjust the volume of the solution to 1 liter mih deionized HaO. Sterilize by 
autociaving for 20 minutes at 15tb/sq, in. on liquid cycle. 

LB plates with ampicii!in/[PTG/X-Ga!: Add 15g agar to 1 liter of LB medium. Add amptciiiin to 
15 a final concentration of 1 0Ojjg/ml, then supplement with Q.5mM JPTG and SOpg/mi X-gal and 
pour the plates, 

1% IMP agarose gel: Add 1g IMP agarose into 100mi 1x TAE buffer. 

20 IPTG stock solution (0, 1 M); 

Add distilled water to 1 .2g tPTG to 50mi final volume, fiiter-steriiize and store at 4'*a 

Equ i pment, in ciudinq various Kits: 

Resource Q column (Amersham Pharmacia, Anion Exchange) 
25 Superdex75 column (Amersham Pharmacia 17-1047-01) 
lEF-gel (Amersham Pharmacia 80-1 124-80) 
Thermomixer comfort (Eppendorf) 
RNeasy Mini Kit {QIAGEN, Cat.NoJ4904) 

3' RACE Kit (GiBCO, Cat. No. 18373-01 9) including Adapter primer, and AUAP 
30 dNTP mix (1 OOmM, Promega, qai No, U1330) 

TaqDNA polymerase system (F'i'omega, Cat. No. M1661) including PGR buffer {200mM Iris- 

HCI (pH8.4), SOOmlV-l KCi) 

PGR Preps DNA Purification System (Promega, Cat.No.A7170) 
pGEM-T Vector System (Promega, Cat.No.A3600) including T4 DNA Ligase 2XBuffer 
35 JiVi109 high efficiency competent ceiis (Promega, Cat No,L1001) 
iVtinipreps DNA Purification System (Promega, CatNoj\7100) 

BigOye Terminator Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems, Cat. No. 
4303149) 

ABl Prism 377 DNA sequencer (PE) 
40 6'RACE system (GfBCO. CAT.NO. 1 8374-058) including Abridged Anchor Primer 



Exampk 2: Cultivation of ThBrmoascus auranfimcus CGMCC No. 0670 

Thermoascas aurantiacas CGMCC No. 0670 was grown In WB medium (30g/500 ml 
flas!i) at 45X for 4 days. Enzyme extraction was carried out by adding about 150 ml 
45 sterilteed water into each shake flask and maintaining at 4*C for at least 4 hours. 
Supernatant was collected by centrifugation at 7000 rpm for 20 minutes. 



Example 3: Purification of endoglucanase of Thermoaseus aurantiacus CGMCC No. 
06?O 

60 1 500 ml supernatant from Example 2 was precipitated with ammonium sulfate (80% 
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saturation) and re-dissoived in 100 ml buffer, uitra-fittrated, and then filtered through a 0.45m 
filter. The finaf vofume was 30 ml. The solution was applied to a 6 mi Resource Q coiumn 
equilibrated in 25 mW! Trts-HCl buffer, pH 7.4, and the proteins were eiuted witfi a linear 
NaCi gradient (0 - 0.5M). Fractions from tiie cofumn were analyzed for endoglucanase 
5 activity using tfie below assay at pH 7,0, and 45X. Fractions with endogiucanase actMty 
were pooied. Then the pooled solution was ultra-filtrated, and the concentrated solution was 
applied to a Supsrdex75 coiumn equilibrated with 25 mM Tris-HCI, pH7.4. The proteins were 
eiuted with the same buffer. Endoglucanase-containing fractions were analyzed by SDS- 
PAGE and pure fractions were pooied, 

10 

EndoQiucanase Assay 
Substrate: AZCL-beta-Glucan (bariey) 
Temperature; As desired, e.g. 40, 45, or 50 "C 
pH: As desired, e.g. pH 3, or pH 7 

16 Assay buffers (unless otherwise indicated): 

200 mU Succinic acid buffer (pH 3) 

200 mU Tris-HCI buffer {pH 7) 

0.4% AZCL-beta-giucan was suspended in buffer with addition of 0,01% Triton X-100 by 
20 gentle stirring. Then a limited amount of this suspension and enzyme samples were mixed in 
a Microtiter piate or Eppendorf tube and placed on ice before reaction (for amount of 
substrate and enzyme see the beiow Results section). The assay was initiated by 
transfenring the Micro^ter piate/Eppendorf tube to an Eppendorf thermomixer, which was set 
to the assay temperature. The plate/tube was incubated for 15-30 minutes on the Eppendorf 
25 thermomixer at its shai^ing rate 700 rpm for Microtiter piate and 1400 rpm for Eppendorf tube 
reaction. The incubation was stopped by transfemng the plate/tube back to tiie ice bath. 
Then the tube was centrifuged in an icecold centrifuge for a few minutes and 100/200ml 
supernatant was transfenred to a microtiter plate. ODsas was read as a measure of 
endoglucanase activity. Ali reactions wer« done in triplicate and a buffer blind wras included 
30 In the assay (instead of enzyme). 



Example 4: Characterization of the endoglucanase CeiSA of Thermoascus aurantiacus 
CGSflCC No. 0670 

Three endoglucanases with different profile (pH. temperature, molecular weight, 
35 substrate speclfjcity) were purified from culture broth of Thermoascus aurantiacus C<3MCC 
No. 0670 grown in WB media. 

The one showing endoglucanase activity over relatively wide ranges of pH and 
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temperature was selected for further study. 

The purified enzyme was blotted onto a PVDF membrane and N-terminai sequenced. 
The following sequence was obtained: 
N-?LVFTSFGSNESGAEF(3SQN. 
5 A homoiogy search showed that this is a family 5 glycoside hydrolase, it is therefore 

designated endoglucanase CetSA of Themoasctm aurantiacus. 

Moiecuiar weight and pi determination of endos:|lucanasg CeiSA 

The purity of the purified endoglucanase was verified by SDS-PAGE and lEF gel, 
10 The moiecuiar weight of the enzyme is around 32 KDa. Overiay of beta-giucan piate with lEF 
ge! showed that there is only one beta-giucanase activity with pi around 3.5 in the sample, 

pH-profiie pf endoglucanase CelSA at 4S!C 

20 mi enzyme sample and 200 ml 0.2% AZCL-beta-glucan in the succinic add buffer 

15 system pH values from pH2.0 to pH1 10 (see above, Media) were mixed in a Microtiter piate 
and placed on ice before reaction. The assay was initiated by transferring the iViicrotiter plate 
to an Eppendorf thermomixer, which was set to the assay temperature 45°C. The piate was 
incubated for 20 minutes on the Eppendorf thermomixer at 700 rpm shaking rate. The 
incubation was stopped by transferiing the tube bac!< to the ice bath. Then the plate was 

20 centrifuged in an ice-cold centrifuge for a few minutes and 100m! supernatant was 
transferred to a microtiter plate. ODggg was read as a measure of beta-glucanase activity. Al! 
reactions were done in triplicate and a buffer blind was included in the assay (instead of 
enzyme). The results are shown in Tabie 1 beiow. in the pH-range of pH 2 to 7, the enzyme 
retains at ieast 50% of its maximum activity. The optimum pH is around pH 2. 

25 



Table 1; pH activity profile 



pH 


Activity 


Relative Activity 


2 


1,198 


1,000 


3 


1.160 


0,960 


4 


0,987 


0,824 


5 


0,839 


0,700 


6 


0,810 


0,676 


7 


0,631 


0,527 


8 


0,218 


0,182 


9 


0,135 


0,112 


10 


0,101 


0,084 


11 


0.063 


0,053 
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pH 3 stability of endoQlucanase CelSA at 40°C : 

150 mi enzyme sample and 300 ml 0,2M Succinic acid buffer pH 3 were mtjced In an 
Eppendorf tube and Incubated under AO'C for 2 hours. Then 100 mi sampie was transferred 

6 into a new Eppendorf tube with 900 mi 0.4% AZCL-beta-gJucan in Q.2M Tris-HCI buffer pH7 
with 0.1% Triton X100 and placed on ice before reaction. The assay was initiated by 
transferring the Eppendorf tube to an Eppendorf thermomixer, which was set to the assay 
temperature 40''C. The tube was incubated for 30 minutes on the Eppendorf thermomixer at 
its highest shaking rate (1400 rpm). The incubation was stopped by transferring the tube 

10 back to the ice bath. Then the tube was cenirifuged in an fcecoSd centrifuge for a few 
minutes and 200m! supernatant was transferred to a microtiter plate. ODggg was read as a 
measure of endogiucanase activity. All reactions ware done in triplicate and a buffer blind 
was included in the assay (instead of en2;yme). For blank, the same amount of substrate, 
buffer and enzyme were mixed just before reaction start. The results are shown in Tabie 2 

15 below, it appears that there is no substantial loss of activity after incubation at pH 3 for 2 
hours at 40"C. 



Table 2; pH 3 stability 



Treatment 


Activity 


Relative activity 


pH3 incubation 


0,332 


1,081 


no incubatson 


0,307 


1,000 



20 Temperature profile of endogiucanase CeiSA at pH 7 : 

200 mi 0.4% AZCL-bsta-glucan in 0.2M Tris-HCI buffer pH 7 and 30 m! enzyme 
sample were mixed in an Eppendorf tube and put on ice before reaction. The assay was 
initiated by transferring the Eppendorf tube to an Eppendorf thermomixer, which was set to 
the assay temperature from 15, 20, 30, 40, 50, 60, 70, 80°C, The tube vms incubated for 30 

25 minutes on the Eppendorf thermomixer at its highest shaking rate (1400 rpm). The 
incubation was stopped by transferring the tube back to the ice bath. Then the tube was 
centrifuged in an icecold centrifuge for a few minutes and 200mi supernatant was 
transfemed to a microtiter plate. ODggg was read as a measure of endogiucanase activity. Ali 
reactions were done in triplicate and a buffer blind was included in the assay (instead of 

30 enzyme). The results are shown in Tabie 3 below, from which it appears that the enzyme is 
active within the whole temperature range of 20 to 80'C, The optimum temperature is 
around 70°C, At 40*C and 80'*C, the reiative activity is 58% and 37%, respectively (relative 
to the activity at 70X). 
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Table 3: Temperature activity proflfe 



Temperature {°C) 


ActMty 


Relative Activity 


14 


0,463 


0,188 


20 


0,499 


0,202 


30 


0,832 


0,338 


40 


1.428 


0,580 


50 


1,992 


0,808 


60 


2,202 


0,894 


70 


2,464 


1,000 


80 


0,915 


0,371 



Thermostability at 50. 60. 70 and SS^C of endogiucanase CeiSA at pH 7.4 : 

100 m! enzyme sample (pH7,4) in an Eppsndorf tube was incubated for 10 and 20 
S minutes on the Eppendorf Thermomixer at 50, 60, 70''C and 300 rpm shaking. For stability at 
B5"0, the same method was appiied but with sampling time as 0, 2, 5 and 10 minutes. The 
incubation was stopped by transferring the tube back to the ice bath. Un-incubated sample 
was used as control. The 30 ml of the above incubated sample Vi/as transferred into a new 
Microliter plate and 200 ml 0.4% AZCL-beta-glucan In 0.2M Tris-HCI buffer pH 7 was added. 

10 The assay was initiated by transferring the Microtiter plate to an Eppendorf thermomixer, 
which was set to the assay temperature 40*C. The plate was incubated for 30 minutes on 
the Eppendorf thermomixer at TOOrpm shaking rate. The incubation was stopped by 
transfenring the tube back to the ice bath. Then the plate was centrifuged in an Icecold 
centrifuge for a few minutes and 100 ml supernatant was transferred to a mtcrotiter plate. 

15 OD595 was read as a measure of endogiucanase activity. All reactions were done in tripBcate 
and a buf^r blind was included in the assay instead of enzyme). The resuits are shown in 
Tabie 4 (SO-TCC), and in Table 5 (85X). The enzyme appears to fuHy retain Its activity after 
having been incubated for 1 0 to 20 minutes at a temperature in the range of 50 to TO'C. Also 
after incubation at SS'C for 10 minutes, the enzyme seems to fully retain its activity. 

20 



Tabie 4: ThennostabiHty at 50, 60 and 70'C 





Activity 


Relative Activity 


Temperature / 
Time (minutes) 


SO'C 


eo^c 


70''C 


50=C 


QQ^C 


70-C 


0 


0,884 


Q,8S4 


0,8S4 


1,000 


1.000 


1,000 


10 


0,790 


0.779 


0,784 


0,894 


0,882 


0,888 


20 


0,730 


0,887 


0,920 


0,826 


0,981 


1,041 
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Tab!e 5; Thermostabiiity at 85X 
Time (minutes) 



Activity 



Relative At^ivity 



PCT/I>K<>3/<X>939 



0 



0,444 



1,000 



2" 



0,552 



1,242 



5 



0,523 



1,178 



10 



0,457 



1,029 



Substrate specificity of endoglucanase CelSA at pH 3 and SO'C on vm om ceiiulase and 
hemiceiiuiase substrates : 

400 ml 0.2% AZCL-substrate (xyian, HE-ceiluiose, Ga!actan, yannan. Xylogiucan, Arabinan) 
in 0.2M succinic acid buffer pH 3 with 0.01% Triton X100 and 30 ml enzyme sample (5 x 
dilution by 0.2 M succinic acid buffer) were mixed in an Eppendorf tube and put on ice before 
reaction. The assay was initiated by transferring the Eppendorf tube to an Eppendorf 
thermomixer, which was set to the assay temperature SOX. The tube was incubated for 15 
minutes on the Eppendorf themrjomlxer at its higtiest shaking rate {1400 rpm). The 
incubation was stopped by transferring the tube baci< to the ice bath. Then the tube was 
centrffuged in an icecold centrifuge for a few minutes and 200 mi supernatant was 
transferred to a microtiter plate. ODsgg was read as a measure of endoglucanase activity. Ail 
reactions were done in triplicate and a buffer bSnd was included in the assay (instead of 
enzyrn©). From the resuits which are shown in Table 6, it appears that the enzyme can 
degrade beta-glucan and HE-Celiulose, but it has no or very low activity on xylan, arabinan, 
mannan, xylogtucan. 

Tabie 6: Substrate specificity 



Enzyme 


Beta 


Xyio- 


Mannanase 


Arabinase 


Xyianase 


Cetiuiase 


Activity/ 


glucanase 


glucanase 










Sample 














no. 














1 


2,438 


0,051 


0.082 


0,156 


0.112 


2.136 


2 


3,102 


0,056 


0.087 


0,149 


0,116 


2.503 


3 


3,144 


0,054 


0,082 


0,155 


0,116 


2,948 


Mean 


2,895 


0,054 


0,084 


0,153 


0,114 


2,528 



Example §: Cloning of the gene oncoding endoglucanase CeiSA of Thermoascus 
aurmHacus CGIUICC 0670 

The gene iragment encoding endoglucanase CeiSA was cloned by RT-PCR torn 
Thermoascus aurantmcm CGyCC 0670 as descrtbed beiow. 
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Sequence analysis of the cDNA clone showed that the sequence contains a coding 
region of 1005 nucleotides {SEQ ID NO: 1). The translation product having SEQ ID NO: 2 is 
335 amino acids in length. Expectedly, amino add residues 1 to 30 constitute a signa!- 
peptids part, and amino acid nssldues 31 to 335 constitutes the catalytic domain. 

5 

Cultivation and isoiation of mycelium 

Thermoascus aurantiacus CGyCC 0670 was grown in CBH1 medium at 45*0 and 
165 rpm for 3 days. Then the myceiium was harvested by centrifugation at 7000 rpm for 30 
minutes. Harvested mycelium was stored at minus SO^C before being used for extraction of 

10 RNA. 

Extraction of total RNA 

The totai RNA was extracted from 100 mg of the mycelium isolated above using the 
RNeasy Mint Kit. 

15 

Pesign of dege nerat e primers 

Degenerate primers were designed based on determined N-tenninal amino acid 
sequence N-7LVFTSFGSNESGAEFGSQN (SEQ ID NO: 3). 

1 : 5" AA(T/C) GA{A/G) TC(T/C/A/G) GG(T/C/A/G) GC(T/C/A/G) GAA TT S" {SEQ ID NO: 4) 
20 2 : 6' AA(T/C) GA(A/G) TC(T/C/WG) GG(T/C/A/G) GC(T/C/A/G) GAG T T 3* (SEQ ID NO: 5) 

3 : 5' AA(T/C) GA{A/G) AG(T/C) GG{T/C/A/G) GC(T/C/A/G) GAA TT 3' (SEQ ID NO: 6) 

4 : 6' AA(T/C) GA(A/G) AG(T/C) GG{T/C/A/G) GC(T/C/A/G) GAG TT 3' (SEQ ID NO: 7) 

Cloning of the 3' end of the endoqlucanase 
25 The 3' RACE kit was used to synthesize the cDNA of the endogiucanase. About 5nig 

total RNA was used as template and the Adapter Primer (provided by the 3'RACE system) 
was used to synthesize the first strand of cDNA. Then the cDNA was amplified by using 
different degenerate primers. The PCR reaction system and conditions were as follows: 



10XPCR buffer 6^1 

30 25mM MgCIa 3|il 

lOmMdNTPmIx 1|il 

3'Primer(10jiM) 1^ 
AUAP (10pM, provided by 3'RACE system) 1fii 

TaqDNA polymerase (Su/pl, Promega) O.Sjil 

35 cDNA synthesis reaction 2jii 

Add autoclaved, distilled water to 60^1 
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Conditions: 
84'C 3min 
94*'C 40sec 
SS'C 4Qsec 30 cycles 

5 72'C Imin 
72X 10mtn 

Ge! analysis of the PGR product gave a specific band about ~1kb fragment using 
primer 2 and primer 3, and the products were recovered from 1% IMP s^arose gel, and 
10 purified by incubation at 70'C followed by using PGR Preps DHA Purificatfon System. The 
concentration of the purified products was determined by measuring the absorbances Am 
and Am in a spectrophotometer. Then these purified fragments were ligatsd to pGEM-T 
Vector {Promega kit, Cat.No.A3600}: 



T4 DNA Ligase 2 x BufferSjul 

15 pGEM-T Vector {50ng) 1pi 

PGR product 60ng 

T4 DHA Ligase {3 Weiss units/pl) 1 

d HaO to a f ir?ai volume of 1 0^ 



20 Conditions: 

Incubate the reactions overnights at 4'C. 

Then we transformed 2-4iil ligation products Into SQpA JM109 high efficiency 
competent cells by the "heat shock" method (J. SambrooK, E.F.PTitsch, T-IVJaniatls (1989) 
Molecular Cloning 1.74, 184). Transformation cultures were plated onto the LB plates with 

26 ampicl!ltn/IPTG/X-Gai, and these piatss were Incubated overnight at 37X. Recombinant 
clones were identified by colour screening on Indicator plates and colony PGR screening. 
The positive clones were inoculated Into 3ml LB iicfuid medium and incubated overnight at 
37°C with shaking {-250rpm). The cells were sedimented by centrifugation for Smin at 
10,000xg. and a plasmid sample was prepared from the ceil pellet by using Mlnipreps DNA 

30 Purification System. Finally, the plasmids were sequenced with BigDye Terminator Cycle 
Sequencing Ready Reaction Kit by using ABi377 sequencer. The sequencing reaction was 



as follows: 

Temiinator Ready Reaction Mix 8}il 

Plasmid DNA 1~1.5f.ig 

35 Primer 3.2pmoi 

dHaO to a final volume of 20 
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The sequencing result showed that the PCR band obtained using primer 2, as wet! as 
primer 3 corresponds to the 3'end of the endoglucanase encoding sequence. 

Cloning of 5' end of the en doalucanase 

Based on th© 3'-end sequence, we designed four specific primers which were used 

for 5' end sequence cloning. 

5'~1: 5' AAG ATG TAC TGG GAA GTG 3' (SEQ ID NO: 8) 
5'-2: 5' TGG TTG AGA TTG AGG ACT AAG 3' (SEQ ID NO; 9) 
5'~3: 5' GAT TAT AGA ATT GTA GTA TCT 3' (SEQ iD NO; 10) 
5'-4: 5' AGA GGC GGT CAT TGA GIT G 3' (SEQ ID NO: 11) 

The 5'RACE system was used to synthesize the 5'end fragment of the 
endoglucanase. 5 mg totai RNA and primer 5'~1 was added for synthesis of the first strand. 
Then other primers were used for the second strand synthesis. The system and conditions of 



PCR of dC-taited cDNA is as following; 

1 QxPCR buffer (200mMTrts-HCi(pH8.4), 500mM KCt) 6^t! 

25mM iWgCIa 3^ 

lOmydNTPmtx t^il 

5'Primer(10fiM) ^V^ 
Abridged Anchor Primer{10p.M, provided by 3'RACE system) 2^1 

TaqDNA polymerase (Su/^i) 0-5^ 

dC-tailed cDNA Sjii 

Add autodaved, distilled water to 50^1 



PCR Conditions: 



94*C 2min 

94'C 40sec 

53°C 40sec 30 cycles 

72'C Imtn 

72*C 10min 



Two specific bands corresponding to approx, 700bp and 400 bp resulted from using 
primers 6'-2, and 5-4, respectively, using the 5'RACE system. The PCR-products were 
purified, ligated Into the pGEM-T-vector, transfomied into JM109 competent ceiis, and 
sequenced. The sequendng result showed we got the 5'end fragment of BG025. 



Cloning of the fuii len gth endogiucanase jCjene 
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According to the above 3' and S" end sequences, two primers for M\ length cloning 

were designed: 

CDS-1 : 5* ATG AAG CTC GGC TCT CTC GT 3' <SEQ \D NO: 12} 
CDS-2; 5' CTT GTC TCC TGT CTC GTT CAC 3' (SEQ ID NO: 13) 

6 

Primer CDS-1 and AUAP was used for amplifying the full length gene from the cDNA. 
The following PCR reaction system and conditions were used: 



lOxPCR buffer Sjil 

25mM MgCk 3,ul 

10 lOmMdNTP mix 1|il 

Primer CDS-l(IO^tM) l^fi 
AUAP mpU) 

TaqDNA polymerase (Su/p.!) 0.5\d 

cDNA synthesis reaction 2{x\ 

15 Add autoclaved.dfstiiied water to SOjil 



Conditions; 

95*C 2min 

Qe'C 40sec 

58"C 40sec 30 cycles 

72*C I.Smin 

72*C lOmin 



From this ampliffcation. a specific band with the size of about 12kb was obtained and 
26 this was recovered from gel with the PCR Preps DNA Purification System. Then the purified 
fragment was ligated into the pGEM-T Vector, and transformed into the competent cells 
(JM109). Positive clones were screened by colony PCR, and the plasmid was extracted from 
these clones with Minipreps DNA Purification System, Finally the piasmid was sequenced 
v^th the BigDye Temiinator Cycie Sequencing Ready Reaction Kit, and the fuil length 
30 endoglucanase encoding sequence was obtained. 

Example 6: Determination of the ThermostabHity of Enzymes by Differential Scanning 

Calorinfietry (DSC} 
Endoqiucanase 

35 The purity of the purified endoglucanase resulting from Example 3 was determined 

by SOS-PAGE to be above 90%, The concentration of protein was determined to 1.9 mg/mi 
(based on OD^ao and an extinction coefftcient calculated on the basis of the amino acid 
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sequence). 

For determining the denaturation or meiting temperature of the endogiucanase (Td or 
Tm, respectively), the sample is dialysed over-night at 4"C against a buffer containing lOmM 
sodium piiosphate, 50mM sodium chloride, pH7.0. The dialysed sample was measured 
against pure buffer in a Microcaiorimeter {VP-DSC from Microcal) from 20'G to QS-IOO^C 
witii a temperature gradient of I.S'C/min. The melting temperature was detemiined as the 
summit of the peak in the resulting thermogram: Tm 77.5'C at about 0.0011 cal/deg. 

Xvianase 

A sample of the xyianase derived from Thermomyces tanuginosus {see Examples 1-3 
of WO 96/23062) of a purity of above 90% as determined by SDS-PAGE, and a 
concentration of protein of 0.8 mg/mi (based on OD-m and an extinction coefficient 
calculated on the basis of the amino acid sequence) was subjected to a procedure as 
described above, and Tm was determined to 75.0°C at about -0.0008 cal/deg. 

Example 7: Pelleting Stability of Enzyme Compositions 

In this example, various enzyme compositions were added to feed and subjected to 
petieting experiments at typical industry conditions (75X), as we!! as at aggressive 
processing conditions (85''C). The recovery of each enzyme was determined. The 
temperatures (75X, B&*0) refer to the temperature of feed samples at the outlet of the 
pelleting machine. 
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The following enzymes formed part of enzyme compositions which were subjected to 



peBeting experiments: 



Enzyme Code 


Enzyme Designation 


Reference 


Beta-giucanase A 


Endoglucanase 
CelSA of 
ThBrmoascas 
aurantiactis 


Described herein. 


Beta-glucanase B 


ROtsiOZYMEA 


Enzyme preparation derived from Bacillm 
amyloliquefaciens which contains beta- 
giucanass (EC 3.2.1.6) and alpha-amyiase, 
(EC 3.2.1 ,1). Commercialty available from 
Roche Vitamins AG, Switzerland 


Beta-giucanase C 


R0XAZYMEG2 


Enzyme preparation derived from Trichoderma 
longibrachmum which contains ceilulase, 
endo-beta-1 ,3:4-g!ucanase, and xyianase. 
Commerciaiiy avaiiabie from Rociie YjtamJns 
AG, Switzerland. 


Beta-glucanase D 


RONOZYMEW 


Ensyme preparation derived from Humlcole 
insolens which contains jQflanase and beta- 
giucanase. Commercially available from 
Roche Vitamins AG, Switzerland. 


Xylanase A 


RONOZYMEWX 


Xylanase derived from Thermomyces 
IsmuQinosus (described in WO 96/23C62}. 
Commercialiy available from Roche Vitamins 
AG, Switzerland. 


Xylanase B 


Humicc^a insofens 
xylanase 1 


Xylanase described In EP 579672 


Xyianase C 


R0XAZYMEG2 


See above 


Xylanase D 


RONOZYyEW 


See above 


Galactanase A 


MycsHophthom 


Galactenase described in WO 97/32014. 


Gaiactanase B 


Aspergiilus 

aculeatus 

gaiactanase 


Gaiactanase described in WO 92/13945 


Phytase A 


Consensus Phytase 


Consensus-phytase-10-themK>l3]-Q50T-KS1A 
described in WO 00/43503, 


Phyiase B 


RONOZYME P 


Phytase derived from Pertiophora lycH 
(described in WO 98/28408). Commercially 
avaiiabie from Roche Vitamins AG, 
Switzerland, 



5 gteligin ^ Experiments 

Equipment: Mixer: TURBULA {lab-scale, up to 1-2 kg), FORBERG 60 V {pilot-scale 



-46- 



wo 03/^2409 PCT/I>K<>3/<X>939 

mixer); PeSteting maohine: BUHLER DFPl, nominal throughput 300 kg/h; Dryer; Cooling box 



mih perforated bottom, ventilator. 

Feed composition: Broiler MajsF4 with the following composition (%): 



Maize 57.30 

Rice 3.10 

Soya 50 28.60 

Fisii meat 3.00 

Soya oil 2.00 

Starch 2,00 

Lignosuifonate 2.00 
Mineral Premix BV 4245 2.00 

Total 100.00 

Size of used nozzle, die, 

mm 

for 75*0 3x30 

for 85 X 3x30 



Additive premixes were prepared by spraying 300 g of each iiquid enzyme sample to 

g be tested, in a dilution providing appiication-relevant enzyme dosages according to the 
recommendations of the manufacturer, on top of 300 g of wheat middiings as a carrier, and 
mixing for 10 minutes using the TURBULA mixer. The additive premixes were then labeited 
and stored at cooi temperature tilf use. 

The additive premix (600 g) and the feed ingredients (29.4 kg) were added to the 

10 FORBERG mixer and mixed for around 2.5 minutes. The mash feed (30 !<g) was then 
collected in paper bags (15 l<g x 2), labelled and stored at room temperature till further use- 
Each of the two mash feed compositions (15 i<g) were added to the pelleting machine 
for pelleting at either 75°C or 8S**C, It was conditioned with steam (125-1 30X, pressure 1 .0- 
1.2 bar) for around 10 seconds and then passed to the pelleting chamber where it was 

15 compacted. The pelleted feed was then transferred to the drier where it was ventilated with 
ambient air until ambient temperature was reached (around 6 minutes). The machine was 
run with a throughput level of around 36%, i.e. around 140 kg/h. The conditioning and 
pelleting temperatures were controlled by varying steam addition to target peileting 
temperatures of 75X or S5X, measured at the outlet of the press. The drying step was 

20 controlled so as to adiieve a resulting moisture content of below 1 3%. 

Samples of mash feed were taken in the mixsr after mixing. For pelleted feed, 
sampling started from the product flow after around 2/3 of the time elapsed to produce an 
entire batch of feed (a batch of pelleted feed was made in around 5 minutes and sampling of 
around 5 kg was done around 3 minutes after start of production). The feed was poured on a 

25 plastic liner, quartered and three samples taken from the middle of the slices. The samples 
were packed in paper bags and iabeiied. The samples were stored protected from light at 
around 4''C till assay. 
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The enzyme activity of mash feed and pellets was determined using the assays 
described beiow. KTiree samples of each batch were taken for eacti assay time point. Each 
sample was analysed twice and an average was calculated out of the six resulting values for 

mash and pelleted samples respectively. 

Determination of enzyme activity 

Beta-glucanase: Substrate: 1% AZ043eta~Glucan from barley (Megazyme Cat. No. 
S-ABG 100), incubation temperature 50'C (Beta-glucanase B, C, D) or SSX (Beta- 
glucanase A), pH; 5.00. Extraction / Assay buffer; 50g of a feed sample is extracted in 500 
mi buffer, 45 min stirring (150 mM Na-phosphate buffer mlh 0.02% Tween 20 pH 5.0). 
Assay: 0.2 mi sample extract, 0.2 ml 1% AZO-beta-Glucan, mix and incubate 30 - 60 min. 
The reaction was stopped by adding 1.2 ml STOP-Reagent (40g Ma-acetate, 4 g zinc 
acetate add 1S0 m! disi water and adjust pH with HCI cone, to pH S.O and fill up with dist. 
water to 200 ml. Add 800 ml 2-m8thoxy ethanol). After stopping the samples are mixed. After 
1 5 min at room temperatum the samples were cenirifuged {3 mm 1 5K rpm) and measured at 
590 nm. 

Xylanase: Substrate: 2% AZO-Xylan from birchwood (Megazyme Cat. No. S-AXBP) 
in 100 mM Na-phosphate buffer pH 5.0, incubation temperature: 50"C {Xyianase B, C. D) or 
QB'C (Xylanase A), pH: 5.00. Extraction / Assay buffer: 50g of a feed sample is extracted In 
500 m! buffer, 45 min stirring (100 mM Na-phosphate buffer with 0.02% Tween 20 pH 5,0), 
Assay: 0,2 mi sample extract, 0,2 ml 1% AZO-Xyian, mix and incubate 30 - 120 min. The 
reaction vi^as stopped by adding 1.2 ml STOP-Reagent (95% EtOH). After stopping the 
samples are mixed. After IS min at room temperature the samples were csntrifuged {3 min 
15K rpm) and measured at 590 nm. 

Galactanase: Mash and pellets were incubated (8 g/50 ml) for two hours using 
suitable pH and temperature conditions for each enzyme (ie extraction with water at 66*^0 for 
Galactanase A and extraction with 0.2 M acetate buffer at pH 4.4 at 40^0 for Galactanase 
B). The samples were centrifuged and the amount of released galactose was determined 
using a commercial kit (Boehringer Mannheim Lactose/D-galactose kit ), Briefly, D-galactose 
was oxidked at pH 8,6 by nicotinamide-adenine dinucleotide (NAD+) to D-galactonic acid in 
the presence of \hB enzyme beta-galactose dehydrogenase (Gai-DH). The amount of NADH 
is directly stoichtometrically proportional to the amount of D-gaiactose (1 mo! D-gaiactose 
results in 1 mo! NADH), The increase in NADH is measured by means of Its light absorbance 
at 340 nm. 

Fhytase; The phytase activity wass determined in the unit of FTU, one FTU being 
the amount of enzyme that liberates 1 micro-mol inorganic ortho-phosphate per min. under 
the foilowing conditions: pH 5.5; temperature 37*C; substrate: Sodium phytate 
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{CsH6024PsNai2) in a concentration of 0.0060 mof/j (the FTU assay is described in Example 1 
of WO 00/20569 (determination of phj^ase activi^ In feed and premix). Feed samples were 
extracted as described in WO 00/20569. 



s Cgicuiationg 

% Recovery of enzymes in feed pelleted at either 75*'G and 85*0 is calculated 
relative to the activity of the mash sample: 

% recovery = 100 * enzyme activity in feed petlets/enzyme activity in mash feed 



'50 Fiesults 

The results are shown in Table 7 beiow, given as average and standard deviation of 
the activity units recovered in the pellets (n = 3 samples taken at each of the pelleting 
temperatures) as wei\ as the recovery (%) relative to the activity units in the mash. 



15 Table? 

nPeilet ing at75°C Pelleting at 8S°C ~" 

Activity SD % Activity SD % 

in Recovery** in Recovery** 

pellets* peiists* 

Beta-glucanasQ activity 



Beta-glucanase A 


473 


5 


96 


462 


5 


91 


Beta-glucanase B 


362 


3 


61 


207 


4 


46 


Beta-glucanase C 


293 


4 


58 


125 


3 


25 


Beta-giucanase D 


145 


4 


39 


-0 




0 


Xylanase activity 














Xylanase A 


475 


12 


92 


441 


21 


85 


Xylanass 8 


248 


33 


75 


224 


14 


68 


Xylanase C 


259 


4 


69 


66 


3 


15 


Xylanase D 


231 


4 


86 


80 


4 


30 


Gafactanase activity 














Galactanase A 


3.51 


0.1 


91 


2.38 


0.03 


62 


Gaiactanase B 


1.27 


0.1 


72 


0.70 


0.07 


40 


PhyiBS9 activity 














Phytase A 


156? 


26 


82 


1479 


33 


77 


Phytase B 


1377 


36 


54 


979 


37 


38 



* Data given in acfivity units relevant for each analytical meSiod 
** Relative to the activity in the corresponding mash samples 



20 Deposit of Biotogicai illlatenaS 

The foliowing biological material has been deposited under the terms of the Budapest 
Treaty with DSMZ (DSMZ-Deutsche Sammiung von Mikroorganismen und Zellkutturen 
GmbH, Mascheroder Weg lb, D-^8124 Braunschweig, Gemiany), and CGMCC (the China 
General li/licrobiologicai Cultures Collection Center, Institute of Microbiology, Chinese 
25 Academy of Sciences, Haidian, Beijing 100080, China); and given the foiiowing accession 
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numbefB: 
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Deposit 

Escherichia coH 



Accession Number 



DSM 14541 



Date of Deposit 
2001-09-28 



Thermoascus aurantiacus 



CGMCC No. 0670 



2001-12-27 



The deposits were made by Novozymes A/S, KrogshoejveJ 36, DK-28S0, Denmark, 
and Novozymes {China) investment Co. Ltd., 22 Xinxi Ziiong Lu, Shangdi zone. Hatdlan 
District, Beijing 100080, P.R.China, respectively, and the depositors iiave authorised the 
applicant to refer to this materia! and have given their unreserved and Irrevocaiaie consent to 
the deposited materia! being made available to the public in accordance with R. 28 EPC. The 
Escherichia coli strain harbours a plasmid containing the nucleic acid sequence of 
endogiucanase CeiSA of Thermoascus auran^acus DSM 14541 {i.e. SEQ !D NO: 1 encoding 
SEQ ID N0:2), 

These strains have been deposited under conditions that assure that access to the 
cultures will be available during the pendency of this patent application to one determined by 
the Commissioner of Patents and Trademarks to be entitled thereto under 37 C.F.R, §1,14 
and 35 U.S.C, §122. The deposits represent a substantialiy pure culture of the deposited 
strains. The deposits are available as required by foreign patent iaws in countries wherein 
counterparts of the present application, or its progeny are filed. However, it should be 
understood that the avaitabiiity of a deposit does not constitute a license to practice the 
subject invention in derogation of patent rights granted by governmental action. 

Thenvoascus aumntiacus strain no CGMCC 0570 was isoiated from a soil sample 
collected on July 21, 1998 in the Yunnan Province, Xishuangbanna, China. 

The invention described and claimed herein is not to be limited in scope by the 
specific embodiments herein disclosed, since these embodiments are intended as 
illustrations of several aspects of the invention. Any equivalent embodiments are intended to 
be within the scope of this invention. Indeed, various modifications of the invention in 
addition to those shown and described herein wiil become apparent to those skilled in the art 
from the foregoing description. Such modifications are also intended to fall within the scope 
of the appended claims. In the case of conflict, the present disclosure including definitions 
will control. 

Various references are dted herein, the disclosures of which are incorporated by 
reference in their entireties. 
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Form - fCT/RO/m {iEASYj " 
Indications Retatiog to Deposited 
Micfoor3arnsrn{s) or OJhw BiolOrS'ca! 
Materia! {PCT Rule13bis) 

Ffepsifed using 


PCT-EASX Version 2,92 
(updated 01.01.2003) 


intemab'onal AppUcation No. 




Applicant's or agent's fiits reference 






The indications made itefow reJate to 
the deposited m5croor8anism(s) or 
other ijSoiogieai materia! refeiretJ to 

in the cJescription on: 

page 


50 
3 


Ictentificalion of Deposit 
Name ot deposttaty )n$timik>n 

Address of depositaiy instJtaaon 

Date of (deposit 
Accession Nombsr 


DSHZ-Deufcsche Sainml-ang von 

Mikroorganismen tind Zellkult-uren QnibH 

Mascheroder W©g lb, D-~3ai24 

Braianschv^eig, Germany 

28 September 2001 (28.09.2001) 

DSMZ 14541 


Addftionat indications 


NONE 


Oesi^Rststi. States for Whici) 
indioations ar« Hade 




Sopisrate Pumfeiilrig of Indications 

Tfisse Indications wiS be submitted to 
fhe ifitemationa! Bureau later 


KOHE 


Tf^e indications ma^e below reiate to 

the deposited microorganismjs) or 

other t»lotO0icat materiai refaired to 

in ftie des«r!pfion on; 

page 

am 


50 
4 


Identification, of Deposit 
Name of depositary instttution 

Address of depositary insmutioR 

Date of deposit 

Accession Number 


China General Microbiological Culture 
Collection Centex 

China Coaaamittee for Culttire Collection 
o£ Microorganisms, P.O. Box 2714 ^ 
Beijing 100080, China 
27 Decesober 2001 (27.12-2001) 

Cm.CC 0670 


Additionai Indications 


NONE 


Dosignatad States for Which 
indications are Made 


all designated States 


Saparauil Furnisiiing of indications 

Tijese isidicaKons wl be sobmiSted to 
tiie sntemateat Bureau taier 


NOKS 
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1. A composition comprising at least two thsrmostabSe enzymes selected from the 
group consisting of endoglucanase, xytanase, phytase, protease, galactanase, mannanase, 

5 dextranase, and aipha-galactosidase, wherein e&ch of the thermostable enzymes has a 
melting temperature, Tm, of at least 70°C, as determined by Differential Scanning 
Calorimetry (DSC) at a pH In the interval of S.O to 7.0. 

2. The composition of claim 1, which comprises the foliowing thermostabte enzymes: {i) 
10 endoglucanase and xySanase; (ii) endoglucanase and protease; (iii) endoglucanase, 

xylanase and phytase; (iv) endoglucanase, xylanase and protease; (v) endoglucanase, 
xylanase, phytase and protease; (vi) xyianase and phytase; (vii) xylanase and protease; {viii) 
phytase and protease; (ix) phytase, protease and galactanase; (x) xylanase, phytase and 
protease; (xi) xylanase, protease and galactanase; (xii) phytase and galactanase; (xtii) 
IS galactanase and protease; (xiv) phytase, galactanase and aipha-gaiactosidase; (xv) phytase 
and alpha-galactosidase; (xvi) protease and alpha-gaiactosidase; (xvii) galactanase and 
alpha-gatactosidase; {xviii) galactanase, protease and alpha-gaJactosidase; or (xix) at least 
two of endoglucanase, xyianase, phytase and galactanase. 

20 3. Theoompositionofanyoneof claims 1-3, which comprises 

(i) at least one polypeptide having xylanase activity, the polypeptide being a family 
1 1 glycoside hydrolase; and 

(ii) at least one polypeptide having endoglucanase activity, the polypeptide 

comprising 

25 (a) an amino acid sequence of at feast 75 % Identity to amino adds 1 to 335, or 

31 to 335 Of SEQ ID N0:2, and/or whemln the polypeptide Is 
(fo) encoded by a nucleic acid sequence which hybridizes under low stringency 
conditions with 

(i) the mature endoglucanase encoding part of the piasmid contained in 
30 Escherichia coliDSMi4^'\, 

(ii) nucleotides 1 to 1008, or 90 to 1 008 of SEQ ID NO: 1 . 

(iii) a subsequence of (i) or (il) of at least 100 nucleotides, or 

(iv) a complementary strand of (i), (ii) or (iii); 

(c) a variant of the polypeptide having the amino acid sequence of SEQ ID N0:2 
35 comprising a substitution, deletion, and/or insertion of one or more amino acids, 

(d) an allelic variant of (a) or (b), or 

(8) a fragment of (a), (b), or (d) that has endoglucanase activity. 
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4. The composiiion of claim 3, wherein 

(i) the endoglucanase and the xyianase are thermostable; 

(ii) the polypeptide having endoglucanase activity Is a famiiy 5 glycoside hydrolase; 
5 and/or 

{til) the polypeptide having xyianase activity is derived from a strain of AspeiyiHm, 
Bacillus, Humicda, Thermomyces, or Triohoderma, 

5. The composition of any one of claims 1-4, further comprising 
10 (a) at least one fat soluble vitamin, and/or 

(b) at least one water soluble vitamin, and/or 

(c) at least one trace mineral. 

6. The composition of any one of claims 1 ~5 which is an animal feed additive. 

15 

7. A method of preparing a composition of any one of claims 1-6, the method 
comprising the step of mixing the enzymes, 

8. Use of the composition of any one of claims 1-6 in animal feed, or in the preparation 

20 of anima! feed. 

9. A method for improving the nutritional value of an animal feed, wherem the 
composition of any one of daims 1-6 is added to the feed. 

25 10. An animal feed composition having a crude protein content of 50 to 800 g/kg and 
comprising the composition of any one of claims 1-6. 

1 1 . The anima! feed of claim 10, which comprises at least one of soy, wheat, barley, oats 
or rye. 

30 

12. A method for the treatment of vegetable proteins, comprising the step of adding the 
composition of any one of claims 1-B to at least one vegetable protein or protein source. 

13. The method of claim 12, wherein soy, wheat, bariey, oats and/or rye is included 
35 amongst the at least one vegetable protein source. 
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<12Q> 



10254.ST25.txt 
SEQUENCE LISTING 

Hovozymes a/s 

Thermostable Enzyme Compositions 



<130> 



10254 



<160> 



16 



•I 



<170> 



patentrn version 3.2 




1 

1008 
DNA 

Therffloascus aurantiacus 




<400> 



1 



atgaagctcg 


gctctctcgt 


gctcgctctc 


agcgcagcta ggcttacact gtcggcccct 


60 


ctcgcagaca 


gaaagcagga 


gaccaagcgt 


gcgaaagtat tccaatggtt cggttcgaac 


120 




ctaaattcQO 


aagccagaac 


cttccaggag tcgagggaaa ggattatata 


180 


tggcctgatc 


ccaacaccat 


tgacacattg 


atcagcaagg ggatgaacat ctttcgtgtc 


240 


ccctttatga 


tggagagatt 


ggttcccaac 


tcaatgaccg gctctccgga tccgaactac 


300 


ctggcagatc 


tcatagcgac 


tgtaaatgca 


atcacccaga aaggtgccta cgccgtcgtc 


360 


gatcctcata 


actacggcag 


atactacaat 


tctataatct cgagcccttc cgatttccag 


420 


accttctgga 


aaacggtcgc 


ctcacagttt 


gcttcgaatc cactggtcat cttcgacact 


480 


aataacgaat 


accacgatat 


ggaccagacc 


ttagtcctca atctcaacca ggccgctatc 


540 


gacggcatcc 


gttccgccgg 


agccacttcc 


cagtacatct ttgtcgaggg caattcgtgg 


600 


accggggcat 


ggacctggac 


gaacgtgaac 


gataacatga aaagcctgac cgacccatct 


660 


gacaagatca 


tatacgagat 


gcaccagtac 


ctggactctg acggatccgg gacatcagcg 


720 


acctgcgtat 


cttcgaccat 


cggtcaagag 


cgaatcacca gcgcaacgca gtggctcagg 


780 


gccaacggga 


agaagggcat 


catcggcgag 


tttgcgggcg gagccaacga cgtctgcgag 


840 


acggccatca 


cgggcatgct 


ggactacatg 


gcccagaaca cagacgtctg gactggcgcc 


900 


atctggtggg 


cggccgggec 


gtggtgggga 


gactacatat tctccatgga gccggacaat 


960 


ggcatcgcgt 


atcagcagat 


acttcctatt 


ttgactccgt atctttga 


1008 


<210> 2 
<211> 335 
<212> PRT 

<213> Ttiemoascus aurantiacus 
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102S4.ST2S.txt 



<400> 2 



Met tys teu Gly Ser Leu Val Leu Ala Leu Ser Ala Ala Arg Leu Thr 
15 10 IS 



Leu Ser Ala Pro Leu Ala Asp Arg Lys <S^r^ 6lu Thr lys Arg Ala Lys 
20 25 30 



val Phe Gin Trp Phe Gly Ser Asn elu Ser Gly Ala <Slu Phe 6ly Ser 
35 40 45 



Gin Asn Leu pro Gly val Glu Gly Lys Asp ryr He Trp Pro Asp pro 
50 55 60 



Asn Thr lie Asp Thr Leu lie Ser Lys Gly Met Asn He Phe Arg Val 
55 70 75 80 



Pro Phe Met Met Glu Arg Leu Val Pro Asn Ser Met Thr Gly Ser Pro 
85 90 95 



Asp Pro Asn Tyr Leu Ala Asp Leu He Ala Thr val Asn Ala He Thr 
100 105 110 



Gin Lys Gly Ala Tyr Ala val val Asp Pro His Asn Tyr Gly Arg Tyr 
115 120 lis 



Tyr Asn Ser lie lie ser Ser Pro ser Asp Phe Gin Thr Phe Trp Lys 

130 135 140 



Thr Val Ala ser Gln Phe Ala Ser Asn Pro Leu Val He Phe Asp Thr 
145 ISO ISS 160 



Asn Asn Glu Tyr His Asp Met Asp Gin Thr Leu val Leu Asn Leu Asn 
165 170 17S 



Gin Ala Ala He Asp Gly He Arg ser Ala Gly Ala Thr ser Gin Tyr 
180 185 190 



He Phe Val Glu Gly Asn Ser Trp Thr Gly Ala Trp Thr Trp Thr Asn 
195 200 205 



Val Asn Asp Asn Met Lys ser Leu Thr Asp Pro ser Asp Lys He He 
210 215 220 

Tyr Glu Met His Gin Tyr Leu Asp Ser Asp Gly ser Gly Thr Ser Ala 
225 230 235 240 



Thr Cys val ser Ser Thr He Gly Gin Glu Arg He Thr ser Ala Thr 
245 250 255 



Gin Trp Leu Arg Ala Asn Gly Lys Lys Gly He He Gly Glu Phe Ala 




265 



270 
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Gly Gly Ala Asn Asp Val Cys Glu Thr Ala lie Thr 6ly Met Leu Asp 
275 280 285 

Tyr Met Ala Gin Asn Thr Asp Val Trp Thr Gly Ala ne rrp rrp Ala 
290 295 300 

Ala Gly Pro Trp Trp Gly Asp Tyr lie Phe sen Met Glu Pro Asp Asn 
305 310 315 320 

Gly lie Ala Tyr 6ln Oln lie Leu Pro lie Leu Thr Pro Tyr teu 
325 330 335 

<210> 3 
<211> 21 
<212> PRT 

<213> Thermoascus aurantiacus 
<220> 

<221> MXSCFEATURE 
<223> N- terminal peptide 

<220> 

<221> M1SC„FEATORE 

<222> C2)..C2) 

<223> Xaa in position 2 means any araino acid 
<400> 3 

Asn xaa Leu val Phe Thr ser phe Gly ser Asn Glu ser Gly Ala Glu 
IS 10 15 

Phe Gly ser Gin Asn 
20 

<210> 4 
<211> 20 
<212> DNA 
<213> Artificial 

<220> 

<223> Primer 
<220> 

<221> mi sc_f eature 

■<223> K means T or C 

n means a or 6 

H raeatis T or c or a or G 
<220> 

<221> mi sc_f eature 

<222> (9>..C9} 

<223> n is a, c, g, or t 

<220> 

<221> ffli sc„f eatu re 
<222> (12)., (12) 
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<223> n is a, c, g, or t 
<220> 

<221> miscfeature 

<222> (15) . . (15) 

<223> n is a, c, g, or t 

<400> 4 

aakgauitcng gngcngaatt 



<210> 5 

<211> 20 

<212> DMA 

<213> Artificial 

<220> 

<223> Primer 



<220> 

<2 2 1> mi sc_f eatu re 

<223> K means T or c 

M means a or € 

n means t or c or a or g 

<220> 

<221> mi sc„f eatu re 

<222> (9) . . (9) 

<223> n is a, c, g, or t 

<220> 

<221> misCwfeature 

<222> (12).. (123 

<223> n is a, c, g, or t 

<220> 

<221> m1 sc„f eatu re 

<222> (IS).. CIS) 

<223> n is a, c, g, or t 

<400> 5 

aakgamtcrjg gngcngagtt 

<210> 6 

<211> 20 

<212> DMA 

<213> Artificial 

<220> 

<223> Primer 



<220> 

<221> m1sc„feature 
<223> K means T or c 

M tneans A or G 

N means T or c or A or <s 

<220> 

<2 2 1> mi s c_.f eatu re 

<222> C12) . . (12) 

<223> n is a, c, g, or t 



102S4.ST25.txt 
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10254.ST25.txt 



<220> 

<221> aiisc-feature 

<222> a5),,a5) 

<223> n is a, c, g, or t 

<400> 6 

aakgaraagkg gngcngaatt 

<210> 7 

<211> 20 

<212> DMA 

<213> Artificial 

<220> 

<223> Primer 



<220> 

<221> nn*sc„feature 
<223> K means T or C 

M means A or G 

N means T or C or a or G 

<220> 

<221> miscfeature 

<222> C12),,a2) 

<223> n is a, c, g, or t 

<220> 

<221> misc„feature 

<222> (15) . . (15) 

<223> n is a, c, g, or t 

<400> 7 

aakgamagkg gngcngagtt 

<210> 8 

<211> IS 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 
<400> & 

aagatgtact gggaagtg 



<210> 9 

<211> 21 

<212> DMA 

<213> Artificial 

<220> 

<223> primer 

<400> 9 

tggttgagat tgaggactaa < 



<210> 10 
<211> 21 
<212> DNA 
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<213> Artificial 
<220> 

<223> Primer 
<400> 10 

gattatagaa ttgtagtatc t 

<210> 11 

<211> 19 

<212> DMA 

<213> Artificial 

<220> 

<223> Primer 
<400> 11 

agagccggtc attgagttg 



<210> 12 

<211> 20 

<212> DNA 

<213> Artificial 

<220> 

<223> Primer 

<400> 12 

atgaagctcg gctctctcgt 



<210> 13 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<223> primer 

<400> 13 

cttgtctcct gtctcgttca c 



<210> 14 

<211> 225 

<212> PRT 

<2i3> Thersiomyces lanuginosus 



<220> 

<221> raat„pepticie 
<222> (31) . . (225) 



Met val Gly Phe Thr Pro Val Ala Leu Ala Ala Leu Ala Ala Thr Gly 
-30 -25 -20 -15 

Ala LGu Ala Phe pro Ala Gly Asn Ala Thr Glu Leu Glu Lys Arg Gin 

Thr Thr Pro Asn Ser Glu Gly Trp His Asp Gly Tyr Tyr Tyr ser Trp 
5 10 15 
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irp ser Asp Gly Gly Ala Gin Ala Thr Tyr Thr Asn Leu Glu Gly Gly 

Thr Tyr Glu lie Ser rrp Gly Asp Gly Gly Asn Leu Val Gly Gly Lys 
35 40 45 50 

Gly rrp Asn pro Gly Leu Asn Ala Arg Ala lie His Phs Glu Gly val 
55 60 65 

Tyr Gin Pro Asn Gly Asn Ser Tyr Leu Ala Val Tyr Gly rrp Thr Arg 
70 75 SO 

Aso pro Leu Val Glu Tyr Tyr lie val Glu Asn Phe Gly Thr Tyr Asp 
85 90 95 

Pro ser ser Gly Ala Thr Asp Leu Gly Thr val Glu Cys Asp Gly Ser 
100 lOS 110 

lie Tyr Arg Leu Gly Lys Thr Thr Arg Val Asn Ala Pro Ser He Asp 
115 120 125 130 

Gly Thr Gin Thr Phe Asp Gin Tyr Trp Ser Val Arg Gin Asp Lys Arg 
135 140 145 

Thr ser Gly Thr Val Gin Thr Gly Cys His Phe Asp Ala Trp Ala Arg 
ISO ISS 160 

Ala Gly Leu Asn val Asn Gly Asp His Tyr Tyr Gin He val Ala Thr 
165 170 175 

Glu Gly Tyr phe ser ser Gly ryr Ala Arg lie Thr val Ala Asp Val 
180 185 190 

Gly 

195 

<210> 15 
<212> 439 
<212> PRT 

<213> Peniophora lycii 
<220> 

<221> fflat„pept1de 
<222> (31) , , C439) 



Met val Ser ser Ala Pro Ala Pro ser lie Leu Leu ser Leu Met Ser 
-30 -25 -20 -15 

Ser Leu Ala Leu Ser Thr Gly pro Ser Pro val Ala Ala Gly Leu Pro 
-10 -5 1 
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lie Pro Ala Gly Ala Thr Ser Ala Thr Gly Pro Thr Ala Pro Pro Pro 
5 10 15 



Pro val Gly Pro Thr Ala Ala pro Pro Gly Gly Cys Thr Val Thr Gly 
20 25 30 



val Ala Leu lie Gly Ala His 6ly Ala Ala Thr pro Thr Ser Gly Ala 
35 40 45 SO 



Ala ser Ala Gly val Ala Ala val Ala teu lie Gly Met Ala Ala Pro 
55 60 65 



pro Thr Ala Pro teu Thr <3ly Pro Leu Ala Ala Pro val Thr Leu Pro 
70 75 80 



Gly val Ala Ala Leu Leu Pro Pro Gly Ala Ala Gly Ser His Gly Thr 
85 90 95 



Gly Thr Ala Met Thr Thr Ala Thr Ser Thr teu Pro Gly Gly Gly Ala 
100 105 110 



val Pro Pro Val Ala Ala Ala Gly Ala Gly Ala Val Val Ala Ser Ser 
115 120 125 130 



Thr Ala Thr Thr Ala Gly Pro Gly Ala Ala Ser Gly Gly Thr val Leu 
135 140 145 



Pro Thr Leu Gly val val Leu Gly Gly Gly Gly Ala cys Thr Leu cys 
ISO 155 160 



Ala Ala Met Cys Pro Ala Gly val Ala Gly Ala Gly ser Thr Thr Thr 
165 170 175 



Leu Gly val pro Ala pro Ala He Thr Ala Ala Leu Ala Ala Ala Ala 
180 IS 5 190 



Pro ser Ala Ala Leu Ssr Ala ser Ala Ala Leu Thr Leu Met Ala Met 
19S 200 205 210 



cys Pro Pro Ala Thr Leu Ser Ser Gly Ala Ala Ser Pro Pro Cys Ala 

215 220 225 



Leu pro Thr Ala Gly Gly Thr val Ser Thr Gly Thr Thr Thr Ala Leu 
230 235 240 



Ala Leu Thr Thr Gly Thr Gly Pro Gly Ala Ala Leu Gly Pro Val Gly 

245 250 255 



Gly val Gly Thr val Ala Gly Leu Leu Ala Ala Leu Thr Gly Gly Ala 



260 



26S 



270 
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Val Ala Ala Gly Thr Gly Thr Ala Ala Thr Leu Ala Ser Ala Pro Ala 
2?5 280 285 290 

Thr Pro Pro Leu Ala Ala Thr Pro Thr Ala Ala Pro Ser His Ala Ala 
295 300 305 

Thr Met val pro ile pro Ala Ala Leu Gly Leu pro Ala Ala Thr Ala 
310 315 320 

Leu Ala Pro Leu Leu Pro Ala Gly Ala Ala Leu Thr Val Ala Ser Leu 
325 330 335 

Leu Val Pro Pro Ser Gly His Met Thr val Gly Leu Leu Ala Cys Ser 
340 345 350 

Gly Leu Gly Ala Val Ala Val Leu val Ala Ala Ala Val Gly Pro Leu 
355 360 365 370 

Gly Pro cys Gly Gly Val Ala Gly val Cys Gly Leu Ser Ala Pro Val 
375 380 385 

Gly ser Gly Thr Thr Ala Ala Gly Ala Gly Gly Gly Ala Pro Ala Leu 
390 395 400 

Cys Gly Pro val Pro ser Gly 
405 

<210> 16 

<2il> 332 

<212> PRT 

<213> wyceliophthora thermophila 



<221> mat„pe^tide 



<220> 
<221> 
<222> (1) 

<40Q> IS 

Ala Leu Thr Tyr Arg Gly val Asp Trp ser Ser val val val Glu Glu 
1 5 10 15 

Arg Ala Gly Val ser Tyr Lys Asn Thr Asn Gly Asn Ala Gin Pro Leu 
20 25 30 

Glu Asn lie Leu Ala Ala Asn Gly val Asn Thr val Arg Gin Arg val 
35 40 45 

Trp val Asn Pro Ala Asp Gly Asn Tyr Asn leu Asp Tyr Asn lie Ala 
50 55 60 

lie Ala Lys Arg Ala Lys Ala Ala Gly Leu Gly val Tyr lie Asp Phe 
65 70 75 80 
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His Tyr ser Asp Thr Trp Ala Asp pro Ala His Gin Thr Met Pro Ala 
65 90 95 

G^y Trp Pro ser Asp lie Asp Asn Leu Ser Trp Lys Leu Tyr Asn Tyr 
100 105 do 

Thr Leu Asp Ala Ala Asn tys Leu Gin Asn Ala Gly lie Gin pro Thr 
lis 120 125 

lie val Ser lie Gly Asn Glu lie Arg Ala Gly Leu Leu Trp pro Thr 
130 135 140 

G]y Arg Thr Glu Asn Trp Ala Asn He Ala Arg Leu Leu His ser Ala 
145 ISO is! 160 

Ala Trp Gly lie Lys Asp ser Ser Leu Ser Pro Lys Pro Lys lie Met 
165 170 175 

He His Leu Asp Asn Gly Trp Asp Trp Gly Thr Gin Asn Trp Trp Tyr 
ISO 185 19b 

Thr Asn val Leu Lys Gin Gly Thr Leu Glu Leu ser Asp Phe Asp Met 
195 200 205 

Met Gly val ser Phe Tyr pro Phe Tyr Ser ser ser Ala Thr Leu Ser 
210 215 220 

Ala Leu Lys Ser Ser Leu Asp Asn Met Ala Lys Thr Trp Asn Lys Glu 
225 230 255 240 

lie Ala Val Val Glu Thr Asn Trp Pro He ser cys Pro Asn Pro Arq 
245 250 255 

Tyr ser Phe Pro Ser Asp Val Lys Asn He Pro Phe Ser Pro Glu Gly 
260 265 270 

Gin Thr Thr Phe lie Thr Asn Val Ala Asn lie val ser ser val ser 
275 280 285 

Arg Gly Val Gly Leu Phe Tyr Trp Glu Pro Ala Trp He His Asn Ala 

290 295 300 

Asn Leu Gly ser ser cys Ala Asp Asn Thr Met Phe Ser Gin ser Gly 
30S 310 315 320 

Girt Ala Leu Ser Ser Leu Ser val Phe Gin Arg He 
325 330 
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